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RAINBOW TROUT PRODUCTION AND WATER QUALITY 
IN EASTERN SOUTH DAKOTA DUGOUTS 
Abstract 
William Lee Vodehnal 
Nine-hundred-fifty-four rainbow trout (Salmo gairdneri) were 
stocked into 18 eastern South Dakota dugouts in April 1980 to determine 
the feasibility of dugouts for raising annual fish crops. Trout growth 
was compared between dugouts by stocking rate (1977/ha, 1483/ha, 988/ha, 
and 494/ha) and feeding combination [fathead minnows (Pimephales promelas) 
and supplemental feed, supplemental feed, and trout alone]. Chemical­
physical properties were also monitored in an old and new unstocked 
dugouts from July 1980 to July 1981. 
Growth was greater for 988/ha rainbow trout than the other stocking 
densities during the April 1980 to July 1980 sampling period. Mean total 
length increased from 139.7 to 230.3 mm and mean weight increased from 
27.8 to 158.5 g. Due to high mortality (97.4%), it is believed that 
the optimal stocking density or production of trout was not totally 
determined. There was insufficient evidence to state that fathead 
minnows and supplemental feeding enhanced growth of trout. 
The old and new dugouts were comparable in chemical-physical 
properties by increasing from a summer minimum to winter maximum. 
Differences were detected in dissolved oxygen, hardness, and sulfate 
concentrations. 
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INTRODUCTION 
Since the mid 1930 1 s, approximately 100,000 private dugout ponds 
have been excavated in South Dakota utilizing technical services provided 
by the Soil Conservation Service (John Farley, Soil Conservation Service, 
Huron, South Dakota, personal convnunication). These ponds provide for 
livestock watering, wildlife habitat, recreation, fire control, and other 
uses. Because of the shallowness and therefore potential of winter­
kill, their suitability for maintaining sustained fish populations is 
minimal. Fish production on an annual basis however may be possible. 
The purposes of this study were; (1) to evaluate the potential of 
dugout ponds in eastern South Dakota for raising annual crops of rainbow 
trout (Salmo gairdneri), and (2) to determine a one year cycle of chemical­
physical properties in two unstacked dugout ponds, one old and one new. 
Dugout ponds, producing annual crops of trout, could provide an 
income source to landowners. Rainbow trout 127-152 mm in total length 
can be purchased for 23¢-40¢ per fish with reimbursement values for 229-
279 mm fish of $1.50-$2.10 per fish (American Fisheries Society 1978). 
The advantages of marketability, adaptability, and rapid growth of rain­
bow trout (Helfrich et al. 1979) indicate qualities desirable for raising 
an annual fish crop in typical winterkill environments. The trout could 
also be used by the landowners as a source of family food or as a 
recreational fishery. 
Rainbow trout have been cultured with variable success in lakes 
and ponds in the northern United States and Canada by stocking fingerlings 
in the spring and harvesting them in the fal I (Johnson et al. 1970; Sunde 
2 
et al. 1970; Myers 1973; Hahn 1974; Lawler et al. 1974; Olson and Hedner 
1980) and in the southern states by stocking in the fall and harvesting 
in the spring (Collins 1972; Hill et al. 1972; Reagan and Robinette 1975; 
Tatum 1976; Newton et al. 1977; Jensen 1979; Halverson et al. 1980). 
Initial fish size and stocking density are important to maximum sea­
sonal fish production of marketable value. Lawter et al. (1974) found 
that a 50-80 � fish could be of usable size (200 g} in one growing 
season without supplemental feeding when stocked at under 2500 fish/ha. 
Higher fish stocking densities could be used if supplemental feed was 
provided. 
Whether the intention is to maximize growth or to produce 
fish of minimum usable size in the shortest time, water quality monitoring 
is important (Bennett 1970; Weatherley 1976; Boyd 1979). The eutrophic 
conditions in eastern South Dakota lakes and ponds threaten fish survival 
and growth because of fluctuations in dissolved oxygen and temperature. 
Sumner mortality of rainbow trout prevailed in Canada when dissolved 
oxygen fell below 6 mg/1 (Barica 1975; Ayles et al. 1976). Mortality 
was attributed to either algal bloom collapses ortemperature increases 
which reduced the solubility of oxygen in water. The upper lethal water 
temperature for rainbow trout is approximately 27 C (Cherry et al. 1977; 
Lee and Rinne 1980); the optimal temperature is 13 C (Garside and Tait 
1958). In addition, many other chemical-physical properties interact to 
affect optimal growth and survival rates. 
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STUDY AREA 
Eighteen dugout ponds located in Brookings, Kingsbury, and Moody 
counties of eastern South Dakota were used during the fish production 
portion of the study (Fig. 1). Two additional dugout ponds located in 
Brookings County were used during the chemical-physical properties portion 
of the study. Landowner names and pond locations are presented in 
Appendices 1 and 2. Pond selection was based on criteria described by 
Johnson and Hasler (1954), Johnson et al. (1970), and Barica (1975) as 
suitable for trout growth and survival. Ponds were considered acceptable 
if: (1) no prior fish stockings had been made, (2) the minimum depth 
was at least 2 m, and (3) the risk of drainage out of the watershed was 
minimal. Selection was made following field observations in winter, 1980. 
The study area is part of the Big Sioux River drainage and is 
located in the Coteau des Prairies, a highland region of glacial origin 
between the Minnesota-Red River lowland and the James River lowland 
(Westin et al. 1967). Chernozem soils predaninate and the region is 
classified as a cool-moist climate. The average temperature for the 
region is 6.5 C with extremes of -40.5 to 42.7 C (Spuhler et al. 1971). 
Average annual precipitation is between 50.8 and 55.9 an (Westin et al. 
1967). 
Dugouts are rectangular ponds which generally depend on surface 
runoff and groundwater seepage for their water supply (Fig. 2). Design 
criteria (Soil Conservation Service 1978) specify that bottom widths 
and lengths be at least 3.0 m and 12.2 m, respectively, but the minimum 
bottom area be 46.5 m2 or more at the design depth. The minimum water 
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Figure 1. Distribution of·dugouts stocked with rainbow trout (Salmo gairdnerl), 
according to density stocked and feeding combination, South Dakota, 1980. 
(F = fathead minnows (Pimephales promelas), S = supplemental feed) 
0 
Figure 2. Kurtz dugout, located in Brookings County, typifies the design structure of South Dakota 
dugout ponds. 
u, 
depth in ponds designed for livestock is 3.0 m east and 3.7 m west of 
the Missouri River. For this region, the 2 side slopes and one end 
slope generally will not be steeper than 2:1 or flatter than 4:1, but 
the opposite end slope will not be steeper than 4:1. Dimensions may 
vary according to the nature and stability of the soil material. The 
excavated material or spoil is placed such that its weight will not 
endanger the stability of the pond side slopes and where it will not be 
washed back into the pond by runoff. · Spoil banks are usually uniformly 
placed and shaped along the side slopes. Pond bottom materials consist 
of loess, silt, clay, and sand. These criteria for pond construction 
also correspond to standards for excavated ponds in Canada (Freshwater 
Institute of Canada no date). 
Dugouts used during the study period ranged from 0. 04-0. 08 ha in 
surface area and from 1. 2-3. 6 m in maximum depth. 
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MATERIALS AND METHODS 
Rainbow Trout Production 
Two experimental designs were employed to evaluate the growth 
rate of rainbow trout. First, a 4 x 3 factorial design with 4 treatments 
and 3 replications was used to determine if significant differences 
existed in lengths and weights of trout due to the 4 stocking densities. 
Trout stocking densities (3 ponds stocked/density) tested were 1977/ha, 
1483/ha, 988/ha and 494/ha. All 12 ponds (Appendix 1) were also stocked 
with fathead minnows (Pimephales promelas) at a rate of 2471/ha; all ponds 
were supplementally fed. Following the initial analysis of variance of 
length and weight, Tukey 1 s Test for unequal observations was used if sig-
nificant differences were detected (Steel and Torrie 1980) . Tukey's p�o-
cedure is applicable to pairwise comparisons of means and was used to 
determine where differences existed among stocking densities and sampling 
dates. The equation used to obtain Tukey's critical value was: 
w' = q oil { p, fe) s /1 c-1 + -•) r. r. I J 
(Steel and Torrie 1980) 
Second, a 3 x 3 factorial design with 3 treatments and 3 replica-
tions was used to determine if significant differences existed in lengths 
and weights of trout due to treatment combinations. Combinations (3 
ponds stocked/combination) tested were trout with fathead minnows and 
supplemental feed, trout with supplemental feed, and trout alone. All 
9 trout ponds (Appendix 1) were �tocked at 494/ha for this analysis of 
variance. 
Recruitment from fathead minnow reproduction was intended to 
provide a potential food for rainbow trout. Structures composed of tree 
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brush (Flickinger 1971) were intermingled with wooden Jaths and placed in 
the dugouts to provide minnow reproductive substrate. Minnows were 
stocked on 17 April 1980 and had a mean total length of 65. 4 mm (range = 
52-74 nm) . Rainbow trout were obtained from the Cleghorn Sprlngs State 
Fish Hatchery in Rapid City, South Dakota and stocked at the appropriate 
density on 30 April 1980. Trout were hatched on 19 October 1979. Mean 
total length and weight at stocking were 139.7 mm and 27.8 g respectively 
with a total length range of 80-175 mm. Trout mortality associated with 
hauling stress was monitored for one week after stocking. Dead trout 
were replaced with live fish maintained in extra dugouts. Stocking 
mortality observed was 6.9%; in the range of values reported by Johnson 
et al. (1970) . 
Supplemental feeding began 3 May 1980 and continued every other 
day for the first 3 weeks after stocking, after which time ponds were 
fed only during sampling periods. The purpose of supplemental feeding 
was to acclimate the trout to a feeding area in hopes of facilitating 
removal of fish and also to increase trout growth rates. Trout were fed 
a floating large fingerling size Purina Trout Chow pellet. The food was 
37.5% protein and was fed at a rate of 1.0% of fish body weight. 
Fish and water chemistry samples were taken at approximately 
2-week intervals beginning on 12 May 1980. Fish collections were cur­
tailed after 9 July due to netting stress (Myers and Peterka 1976) . Two 
bag seines (23.0 m x 2.1 m, with 19 mm mesh, and 45.4 m x 4.9 m in the 
middle, tapering to 2.4 m at both ends, with 19 mm mesh) were used to 
collect trout. During the sampling periods, a sample of 6 fish was 
collected by seining half the dugout; the fish were weighed (nearest 
1. 0 g), measured {nearest 1. 0 mm TL), and returned to the pond. During 
final harvest on 10-11 October 1980, all fish were removed by seining 
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the entire pond. Seining effort ceased when 2 consecutive hauls produced 
no trout. In 3 dugouts, 2 mg/1 rotenone was applied to determine if fish 
remained after seining; results were used to ascertain seining success. 
Stomachs were collected from fish during final harvest by 
removing the digestive tract anterior to the pyloris (Koth 1980). 
Stomachs were preserved fn 10% formalin; contents were identified {Pennak 
1978) and counted in the laboratory. Trout carcasses were cleaned, 
packed on ice, and distributed to the landowners or were frozen. 
Water chemistry parameters were monitored in all trout ponds 
during the study. Dissolved oxygen, phenolphthalein and total alkalinity, 
total hardness, and carbon dioxide were measured using a Hach dr-el/1 kit. 
Dissolved oxygen water samples were obtained at surface, middle, and 
bottom depths using a Kenvnerer water bottle sampler • .  Alkalinity, total 
hardness, carbon dioxide, and pH were measured near the shoreline. A 
Hach Model 17-N Wide Range pH test kit was used to measure pH, and values 
were calibrated by fitting a polynomial regression line to standard and 
observed pH readings due to the inaccuracy of the kit. Temperature, 
salinity, and conductivity were measured using a YSI Model 33 S-C-T 
meter; readings were taken at surface, middle, and bottom depths near 
the deepest part of the dugout. Conductivity readings were adjusted to 
and recorded at 25 C. Addi-tional observations concerning algal blooms, 
cattle usage, and fish feeding behavior were recorded. 
Rainbow trout palatability was determined on 22 January 1981 by 
a 12-member panel in the Food Science Department, South Dakota State 
10 
University. Fish from 3 dugouts were thawed for 24 hours, washed in cold 
water, dipped in Crisco salad oil, and baked at 204.4 C for 20-25 minutes. 
Fillets were skinned, flaked, and served warm. The panel judged each 
sample according to color, odor, flavor, texture, and appearance cate­
gories. Chi-square analysis using a 2-way contingency table examined 
individual reactions to categories between ponds. 
Annual Cycle of Chemical-Physical Properties 
Chemical-physical properties (Table 1) were monitored and com­
pared between a 3-year old (Oppelt) and 1-year old (Kurtz) dugout from 
July 1980 to July 1981 (Appendix 2}. Horning samples were taken at 
approximately 2-week intervals for water analysis. Three stations were 
selected along a diagonal cross section in each pond (Oppelt stations 
from SW to NE direction and Kurtz stations from NW to SE direction}. 
Station 1 was located at the maximum pond depth, Station 2 at half the 
maximum depth, and Station 3 at 0. 5 m. Sampling Station 3 in the Oppelt 
dugout was discontinued 22 March 1981 due to the declining pond depth and 
interference with Station 2. 
Dissolved oxygen was measured at 0. 5 m depth intervals at each 
station. Due to the water sampler design, the last oxygen sample was 
taken at the nearest 0. 5 m interval from the pond bottom. All water 
samples were collected by a 2. 2 L Kemmerer Plus PVC bottle. During ice 
cover, oxygen measurements at the surface and Station 3 were discontinued. 
Dissolved oxygen samples were collected in 300 mt glass BOD bottles, 
prepared with the first 2 reagents, and returned to the laboratory for 
titration and determination. 
1 1  
Table 1. Chemical-physical procedures for parameters measured in Kurtz 
and OpP.elt dugouts, July 1980 to July 198). 
Parameter 
Temperature 
Sa 1 i ni ty 
Specific Conductance 
Visibility 
Turbidity 
pH 
Dissolved Oxygen 
Free Carbon Dioxide 
Total Alkalinity 
Carbonate 
Bicarbonate 
Total Hardness 
Carbonate 
Noncarbonate 
Calcium 
Magnesium 
Iron 
Manganese 
Phosphate 
Ortho­
Total 
Nitrate-N 
Ammonia-N 
Chloride 
Potassium 
Sul fate 
Sodium 
Procedure 
Yellow Springs Instrument S-C-T Heter Hodel 
Yellow Springs Instrument S-C-T Heter Hodel 
Yellow Springs Instrument s-c-T Heter Hodel 
Secchi Disc 
Jackson Candle Turbidimeter 
Hach Hodel 17-N Wide Range pH Test Kit 
Azide Modification Method 
Titrimetric Method 
Mixed Bromcresol Green-Methyl Red Indicator 
Method 
Calculation 
Calculation 
33 
33 
33 
Calculation from Ca, Hg, Fe, Mn 
Equals Total Alkalinity 
Total Hardness - Total Alkalinity Calculation 
EDTA Titrimetric Method 
Hardness - Calcium Calculation 
Phenanthrollne Method 
Atomic Absorption Spectrophotometric Method 
Stannous Chloride Method 
Persulfate Digestion - Stannous Chloride Method 
Brucine Method 
Nesslerization Method 
Mercuric Nitrate Method 
Atomic Absorption Spectrophotometric Method 
Turbidimetric Method 
Atomic Absorption Spectrophotometric Method 
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Carbon dioxide, pH, and aJkalinity were measured in the field at 
Station 1. Carbon dioxide was determined from a middle water sample 
depth; pH from a surface water ·sample, and alkalinity from a composite 
(surface, middle, bottom) water sample. Parameters (turbidity, calcium, 
magnesium, iron, manganese, ortho- and total phosphate, nitrate-N, 
ammonia-N, chloride, potassium, sulfate and sodium) to be determined in 
the laboratory were obtained by sub-sampling a composite sample at 
Station 1. All water samples were packed in an ice filled chest and 
transported to the laboratory for further analysis. 
Temperature, salinity, and conductivity were measured at 0.5 m 
depth intervals at each station. Secchi disc visibility was determined 
to give an index of water clarity. A 3 hp, 2-cycle Jiffy ice auger 
aided in drilling holes through the ice. 
Water sample procedures (Table 1) followed the American Public 
Health Association (1975). Calcium, magnesium, iron, manganese, ortho­
and total phosphate, nitrate-N, anunonia-N, chloride, potassium, sulfate, 
and sodium were determined by the Water Quality Lab, Agricultural Engi­
neering Department, South Dakota State University. Conductivity was 
adjusted to and recorded at 25 C and pH was calibrated. Carbonate and 
bicarbonate fractions of alkalinity were calculated from phenolphthalein 
and total alkalinity. Total hardness was calculated from Ca, Mg, Fe, 
and Mn ions and expressed as calcium carbonate. 
RESULTS AND DISCUSSION 
Trout Growth. Density. and Survival 
Evaluation of rainbow trout growth, as related to the various 
stocking densities, was based on 4 sampling periods from May to July, 
1980. The cessation of sampling was a result of high surface water 
temperatures which appeared harmful to rainbow trout survival. 
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Analysis of variance indicated highly significant (P<�Ol) 
differences in weights and lengths of rainbow trout at the various 
stocking densities (Table 2-3). Significant differences also existed in 
weights (P <.01) and lengths (P <.05) of trout due to the interaction of 
density levels and sampling periods. During the 21-23 May 1980 collec­
tions, mean weights (Fig. 3) and lengths (Fig. 4) of trout at the various 
stocking rates were 49.7 g and 165.3 mm (1977/ha) , 45.3 g and 159.4 mm 
(1483/ha), 68.2 g and 178.9 mm (988/ha), and 58.9 g and 168.7 mm (494/ha). 
The 988/ha density was significantly (P <. 05) greater in weight and length 
than the 1483/ha density, but not significantly (P >.05) different from 
the other densities (Table 4 and Table 5). During the 6-7 June 1980 
collections, mean weights and lengths of trout at the various stocking 
rates were 54.4 g and 171.1 mm (1977/ha), 49.9 g and 167.7 mm (1483/ha) , 
84.3 g and 192.1 mm{988/ha), and 58.9 g and 179.3 mm (494/ha). The 
988/ha density was significantly (P <.05) greater in weight and length 
than 1977/ha and 1483/ha, but not different from 494/ha. The 494/ha 
stocking rate was not different (P >.05) from either the 1977/ha or 
1483/ha rates. During the 20-25 June 1980 collections, mean weights and 
lengths of trout at the various stocking rates were 65.5 g and 179.0 mm 
Table 2. Analysis of variance of rainbow trout (Salmo 
gairdneri) weight due to stocking rate and 
date in 12 South Dakota dugouts, 1980. 
Source of Degrees of Mean 
variation freedom square F 
Stocking rate 3 25927. 3 43. 0 ** 
Date 3 6954. 6 11.53** 
Stocking rate x date 8 3089. 8 5. 12** 
Error 190 603. 1 
**Significant at .01 level of probability. 
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Table 3. Analysis of variance of rainbow trout (Salmo 
gairdneri} total length due to stocking 
rate and date in 12 South Dakota dugouts, 1980. 
Source of Degrees of Mean 
variation freedom square F 
Stocking rate 3 10472.6 30.17** 
Date 3 4896.8 14.11** 
Stocking rate x date 8 853. 8 2.46* 
Error 190 347.2 
* Significant at . os level of probab i 1 i ty • 
**Significant at .01 level of prob ab i 1 i ty. 
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Figure 3. Mean weight (g) of rainbow trout (Salmo gairdneri) at 
various stocking densities for sampling dates in South 
Dakota dugouts, 1980. 
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Figure 4. Mean length (mm) of rainbow trout (Salmo gairdneri) at 
various stocking densities for sampling dates in South 
Dakota dugouts, 1980. 
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Table 4. Tukey's test for unequal observations to determine differences 
in rainbCM trout (Salmo gairdneri) mean weight between 
stocking rates by dates, 1980. 
s = 
Tukey's critical value w• = q� (p,fe)s 
{603.03 = 24.556 
Value of Cl..c 
4 treatment means= 3.63 
3 treatment means'= 3.31 
5-21- 1980 
# Observations 
Mean 
Comparison 
494/ha 
14 
58.9 
1977/ha - 494/ha = 9.26 
1977/ha - 988/ha = 13.60 
1977/ha - 1483/ha = 9.29 
1483/ha - 494/ha = 18.56 
1483/ha - 988/ha = 22.89* 
988/ha - 494/ha = 4.33 
6-6- 1980 
# Observations 
Mean 
Comparison 
494/ha 
7 
58. 9  
1977/ha - 494/ha = 4.47 
1977/ha - 988/ha = 29.86* 
1977/ha - 1483/ha = 4.44 
1483/ha - 494/ha = 8.91 
1483/ha - 988/ha = 34.31* 
988/ha - 494/ha = 25.39 
988/ha 
18 
68.2 
988/ha 
16 
84.3 
1483/ha 
18 
45.3 
1977/ha 
18 
49.7 
Critical Value 
22 .46 
1483/ha 
18 
49.9 
21  .01 
2 1.01 
22.46 
2 1.0 1 
22.46 
1977/ha 
18 
54.4 
Critical Value 
28.08 
21.66 
2 1.01 
28.08 
21.66 
28.56 
Table 4. Continued. 
6-20-1980 
# Observations 
Hean 
Comparison 
494/ha 
15 
84.0 
1977/ha - 494/ha = 18. 5 
1977/ha - 988/ha = 36.42* 
1977/ha - 1483/ha = 11. 56 
1483/ha - 494/ha = 30.06* 
1483/ha - 988/ha = 47. 99* 
988/ha - 494/ha = 17. 92 
7-7- 1980 
# Observations 
Hean 
Comparison 
494/ha2 
1977/ha - 988/ha = 103. 0* 
1977/ha - 1483/ha = 15.25 
1483/ha - 988/ha = 1 18.25* 
988/ha 
13 
101.9 
988/ha 
6 
158. 5 
* Significant at .05 level of probability. 
1 3 means tested 7-7- 1980. 
2 No fish collected. 
1483/ha 
16 
53.9 
1977/ha 
18 
65.5 
Critical Value 
22.04 
22. 94 
21.66 
22.65 
23.54 
23.88 
1483/ha 
4 
40.3 
1977/ha 
6 
55.5 
Critical Value 
33. 18 
37. 10 
37. 10 
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Tab1e 5. Tukey's test for unequa1 observations to determine differences 
in rainbow trout (Salmo gairdneri) mean total 1ength 
between stocking rates by dates, 1980. 
s = 
Tukey's critical va1ue w' = q.c (p,fe)s 
{347.15 = 18.63 
Value of q "' 
4 treatment means = 3.63 
3 treatment means' = 3.31 
5-21-1980 
# Observations 
Mean 
Comparison 
494/ha 
14 
168.7 
1977/ha - 494/ha = 3.44 
1977/ha - 988/ha = 13.61 
1977/ha - 1483/ha = 5.83 
1483/ha - 494/ha = 9.27 
1483/ha - 988/ha = 19.44* 
988/ha - 494/ha = 10.17 
6-6-·1980 
# Observations 
Mean 
Comparison 
494/ha 
7 
179.3 
1977/ha - 494/ha = 8.23 
1977/ha - 988/ha = 21.07* 
1977/ha - 1483/ha = 3.39 
1483/ha - 494/ha = 1 1.62 
1483/ha - 988/ha = 24.46* 
988/ha - 494/ha = 12.84 
988/ha 
18 
178.9 
988/ha 
16 
192 .1 
1483/ha 
18 
159.4 
1977/ha 
18 
165.3 
Critical Value 
17.04 
15.94 
15.94 
17.04 
15.94 
17.04 
1483/ha 
18 
167.7 
1977/ha 
18 
171 • 1 
Critical Value 
21.30 
16.43 
15.94 
21.30 
16.43 
2 1.67 
Table 5. Continued. 
6-20-1980 
494/ha 988/ha 
# Observations 15 13 
Mean 196.5 203. 0 
Comparison 
1977/ha - 494/ha = 17.47* 
1977/ha - 988/ha = 24.0* 
1977/ha - 1483/ha = 6.69 
1483/ha - 494/ha = 24.15* 
1483/ha - 988/ha = 30.69* 
988/ha - 494/ha = 6.53 
7-7-1980 
494/ha2 988/ha 
# Observations 6 
Mean 230. 3 
Comparison 
1977/ha - 988/ha = 54. 0* 
1977/ha - 1483/ha = 15.83 
1483/ha - 988/ha = 69.83* 
* Significant at .05 level of probability. 
1 3 means tested 7-7-1980. 
2 No fish collected. 
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1483/ha 1977/ha 
16 18 
172. 3 179.0 
Critical Value 
16. 72 
17.41 
16.43 
17. 19 
17.86 
18. 12 
1483/ha 1977/ha 
4 6 
160. 5 176.3 
Critical Value 
25.18 
28.15 
28. 15 
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(1977/ha), 53.9 g and 172.3 mm (1483/ha), 101.9 g and 203.0 mm (988/ha), 
and 84.0- g and 196.5 nun (494/ha). Both 988/ha and 494/ha were signifi­
cantly (P <.05) greater in length than 1977/ha and 1483/ha, but only 
988/ha was significantly greater in weight than 1977/ha and 1483/ha. 
No differences were detected between 1977/ha and 1483/ha. The signifi-
cant increase in length and nonsignificant change in weight when compared 
to 1977/ha and 1483/ha densities may imply an increase in conditions of 
trout at 494/ha. The probable change in condition was because the dugout 
with best growth for the 494/ha density was not sampled due to flooding 
during the 6-7 June 1980 collections (Appendix 3). During the 7-10 July 
1980 collections, mean weights and lengths of trout at the various stock-
ing rates were 55.5 g and 176.3 mm (1977/ha}, 40.3 g and 160.5 nun (1483/ha), 
and 158.5 g and 230.3 nun (988/ha). No rainbow trout were collected from 
the 494/ha dugouts. The 988/ha density fish were significantly (P<.05} 
greater in weight and length than the fish in the 1977/ha and 1483/ha 
dugouts. It appeared that trout decreased in weight and length for 
1977/ha and 1483/ha densities and increased for 988/ha (Fig. 3-4). The 
unusual decreases may be explained by few fish in the collections and only 
one dugout representing the means for each stocking rate. The fish were 
collected from dugouts exhibiting poorer growth rates. 
Higher stocking densities did as well or better in relation to 
condition factors (Table 6) than the lower densities during sampling 
periods. No statistical analysis was justified due to the variability 
in fish collected between dugouts. All trout increased in condition from 
initial stocking [K(TL) = 1.0� to the first sampling after stocking. 
The higher density trout stockings tended to decrease in condition as the 
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Table 6. Condition factors, K (TL), of rainbaw trout (Salmo gairdneri) 
using the mean length and weight of fish for each density 
level during each sampling period, 1980. 
Stocking Density 
Date 494/ha 988/ha 1483/ha 1977/ha 
5/21 - 23/80 1. 23 1. 19 1. 12 I. 10 
6/6 - 7/80 1. 02 I. 19 1. 06 1. 09 
6/20 - 25/80 1 • 11 1.22 1. 05 1. 14 
717 - 10/80 a 1.30 0.97 1. 01 
a No trout collected in s·amp 1 es • 
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season progressed, while lower densities tended to increase. It should 
be noted that during the July sample, no trout were collected from some 
dugouts, thus condition factors may be biased. Needham and Slater (1945) 
reported that rainbow trout in Convict Creek, California showed a decrease 
in condition in May to July. The relatively low trout population levels 
seemed to be conducive to faster growing fish in terms of length and 
weight rather than what condition factors may indicate when consideration 
is given to the duration of the growing season, available food supply, 
and suitable temperature and oxygen. 
Growth was greater for 988/ha rainbow trout than other stocking 
densities and is comparable with growth in other areas of the country. 
Weight and length gains of 130. 7 g and 90.6 mm, respectively, for dugout 
rainbow trout were greater than values attained by Myers and Peterka 
(1976) in North Dakota lakes at 500/ha rainbow trout for approximately 
similar growth periods. Dugout rainbow trout at 988/ha had a mean 
weight of 158.5 g, which was comparable to Alabama ponds, but Tatum 
(1976) had attained his values at densities of 6250/ha and 3750/ha 
with supplemental feeding twice daily six days a week. At 9 months of 
age, 988/ha dugout rainbow trout had a mean weight and length of 158.5 g 
and 230. 3 mm. Data accumulated by Carlander (1969) indicated that these 
means were within the range of means of western United States lakes for 
rainbow trout over age-I or 12 months of age. Lawler et al. (1974) 
reported that in Canadian lakes stocking rates had little apparent 
effect on final size of trout at plant ing rates below 2500/ha w ithout 
supplemental feeding. 
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Of the 957 rainbow trout stocked in the study ponds, 25 were 
recovered during the final harvest; a 2. 6% survival rate. The mean 
weights and lengths (Appendix 4) of the fish collected were 114. 8 g 
(range = 55 to 272 g) and 213.0 nun (range = 172 to 289 nun). Survival was 
below the values of 84% and 92% recorded by Reagan and Robinette (1975) for 
Mississippi winter pond culture of rainbow trout. Previous annual studies 
by Jensen (1979) reported a survival range of 90. 5 to 96. 8% for ponds in 
Alabama, while Tatum (1976) recorded a survival range of 22. 8 to 53. 6% 
for Alabama ponds. Myers and Peterka {1976) studied 4 prairie lakes in 
North Dakota and found a range of survival of 0. 0 to 4. 4% by the October 
harvest. During this study, it would appear that the greatest mortality of 
rainbow trout in dugouts occurred between July and October. 
Numerous possible causes contributed to mortality of rainbow 
trout during this study. Plausible causes were fluctuations in water 
levels, oxygen and temperature limits, algal blooms and collapse, observed 
turbidity associated with cattle usage, competition, predation, handling 
stress, and delayed stocking mortality. 
One of the possible causes of mortality was the fluctuations in 
water levels which reduced the habitable water zone for rainbow trout. 
Depth was not adequate to prevent lethal conditions concerning dissolved 
oxygen and temperature. Sununer mortality of rainbow trout prevails when 
dissolved oxygen falls below 6 mg/1 {Barica 1975; Ayles et al. 1976) and 
water temperature approaches 27· C (Cherry et at. 1977). The maximum water 
level varied from 1. 2-3. 6 m during the study (Appendix 5). The mean depth 
for all dugouts during 7-10 July 1980 sampling. when relatively few 
trout were collected in the seinehauts, was 2. 7 m. Mean dissolved oxygen 
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and temperature for top, m i ddle, and bottom samples were 8 . 9  mg/1 , 6. 5 mg/ 1, 
and 2. 7 mg/1 , res pecti vely, and 27.3 C, 23. 1 C, and 1 9. 9  C, respecti vely . 
Surface temperatures as h i gh as 34. 2 C were recorded and 1 5  out of 1 8  
dugouts had bottom d i ssolved oxygen levels below 4. 0 mg/ 1 . D i ssolved 
oxygen and temperature lethal l im i ts could be avo i ded by rai nbow trout 
i f  adequate water depth were ava i lable i n  the ponds, or i f  oxygenati on of 
the pond bottom were employed {Overholtz et al. 1 977). 
Several dugouts had algal blooms wh i ch collapsed ; th i s  produced 
oxygen depleti on near the bottom because of decompos i t i on of the algae. 
M i crocyst i s  and Volvox were ident i f i ed as major contr ibutors to the 
algal blooms. I ncreases i n  pH, carbon d i ox i de, and carbonate alka­
l i ni ty, �ssocl ated w i th algal blooms and collapse, approached lethal 
l im i ts for rai nbow trout {W i tsch i  and Z i ebell 1 979). Ranges i n  values 
were; pH from 7. 35-9. 1 7, carbon d iox i de from 0-24 mg/1 , and carbonate 
alkal i n i ty from 0- 1 20 mg/ 1 .  Range values were comparable to those 
reported by Schm i dt ( 1 967) and Gloss (1 969) for surround i ng lakes. 
Mortali ty of rai nbow trout i n  small eutroph i c  lakes of central 
Canada has generally been attr i buted to blooms and collapses of the blue­
green algae Aphan i zomenon flos-aqua {Lawler et al. 1 974; Ayles et al . 1 976). 
Bari ca {1 973; 1 975) and Ayles and Bari ca { 1 977} proposed that by mon i tori ng 
w i nter NH3-N, summer chlorophyll a, and summer spec i f i c  conductance pri or 
to stock i ng trout, summerk i ll could be predi cted. Lakes w i th w i nter NH3-N 
exceed.i ng 1 000 µg/1 , summer chlorophyll a exceeding 1 00 µg/1 , and summer 
spec i f i c  conductance i n  the range of 800 - 2000 µmhos/cm had h i gh summer-
k i ll r i sk. By moni tor i ng these var i ables i n  dugouts pr i or to ra i nbow 
trout s tock i ng, dugouts w i th lower risk of algal blooms could be pred i cted. 
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Another problem influencing trout survival was increased turbidity 
associated w i th livestock watering .  Dugouts are placed in pastures 
primarily for livestock watering and distribution of grazing pressure . 
Under high livestock index conditions, turbidity increased due to cattle 
wading into the dugout. In order to improve trout survival and pro-
duction, particularly ·during periods of increasing temperatures, 
limiting cattle access by fencing is recommended. 
Competition and predation were not observed in any dugouts , but 
could be a problem associated with trout mortality . Contaminating fishes, 
cormorants, herons, salamanders , and turtles occurred in many dugouts and 
have posed problems in other areas of the country (Myers and Peterka 1 976; 
Fraser 1978 ; McCaig 1 980) . Contaminating fishes occurring in 5 dugouts 
were the black bullhead ( l ctalurus melas) , brook stickleback (Culaea 
inconstans) , carp (Cyprinus carpio), green sunfish (Lepomis cyanellus) , 
white sucker (Catostomus conunersoni) , and yellow perch (Perea flavescens) . 
Fathead minnows and contaminating fishes were observed taking the prepared 
food intended for trout and may also have competed for natural foods . 
Salamanders are prevalent in many South Dakota waters �s well as North 
Dakota waters (Myers 1 973) ; the extent to which they compete with or 
prey upon young trout is unknown. 
Mortality cannot be attributed to any single cause, but a combina­
tion of all those discussed may have resulted in poor survival of rainbow 
trout. Due to the high incidence of mortality, it is believed that the 
optimal stocking density or production of rainbow trout was not totally 
determined . 
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Feed i ng Behavior 
I n  order to determine if the p resence or absence of fathead minnows 
and/or supplemental trout feed effected the growth of rainbow trout, an 
analys i s  of var i ance was performed. No significant d i fferences (P > . 05) 
were found to exist among treatments (Table 7-8) . I t  could be concluded 
that there is insuffi cient evidence to state that fathead minnows and 
supplemental feeding at 1. 0% fish body weight enhanced growth of rainbow 
trout. Mean wei ght and length data for rainbow trout and feeding com­
b i nation are presented in Table 9. The increase in weight and length 
for the trout and supplemental feeding combinat i on i n  July was higher 
than expected ; one ra i nbow trout was sampled from 3 dugouts to represent 
the mean value . There appeared to be a decrease .i n  weight and length for 
the trout alone comb i nation from late June to July sampling dates. F i sh 
have cont i nuous growth and the apparent decrease occurred pr i marily 
because 1 dugout representing a la rge proportion of the average of 3 dug­
outs dur i ng the June sampling produced no trout dur i ng the July sampli ng. 
Impl i cati ons that ra i nbow trout grew better when stocked alone 
instead of with minnows and/or supplemental feed terids to be misleading. 
Feeding the trout was primarily intended to lure the fish to an area of 
the pond to facilitate removal ;  growth was also to be enhanced. Rainbow 
trout did not act i vely take the feed. Sporadic surface feed i ng by trout 
did occur , but pos s i bl"e causes for less vigorous feed i ng hab its could 
-have been pond tu rbidity ; ra i nbow trout a re . obl i �ate visual feeders (Ware 
1 972) ,  reduced utilization time due to washing of feed onto the pond 
banks pr ior to trout consumption (Ware 1 972) , and m i nnows feed i ng at the 
trout feed when the feed was thrown onto the pond surface. 
Tab l e  j. Analysis of variance of rainbow trout (Salmo 
gairdneri) weight to determine if the p resence 
or absence of fathead minnows (Pimephales promelas) 
and supplemental feed affected weight of trout in 
9 South Dakota dugouts , 1980 . 
Source of Degrees of Mean 
variation freedom square F 
Treatment 2 581.9 1.05 
Date 3 65 14 .4  1 1 . 82** 
Treatment x date 5 718.3 1.30 
Error 107 551 • I 
**Significant at .0 1 level of probab ii  I ty. 
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Table 8. Analysis of variance of rainbOII trout (Salmo 
gairdneri) total length to �etermine if the 
presence or absence of fathead minnows {Pimephales 
promelas) and supplemental feed affected length of 
trout in 9 South Dakota dugouts, 1980. 
Source of  Degrees of Mean 
variation freedan square F 
Treatment 2 1 26. 4 o. 48 
Date 3 462 1 . 2  1 7 . 7  ** 
Treatment x date 5 473 . 8  1 . 82 
Error 1 07 261 . 0  
**Significant at . 01 level of probability. 
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Table 9. Mean weight and length data of rainbow trout (Salmo gairdneri) from feeding combinations 
with/without fathead minnows (Pimephales promelas) and supplemental feed i n  9 South 
Dakota dugouts, 1980. 
Date : 5-2 1  6-6 6-20 7-7 
Combination weight length weight length weight length weight length 
Rainbow trout/ 
Supplemental feed/ 58.9 168. 7 58. 9 1 79. 3 84. o 196.5 a 
Fathead minnows 
Ra I nbow trout/ 58. 3 167.2 79.9 190. 6 83. 3 1 83.3 123. 0 228. 0 Supp lemental feed 
Rainbow trout 53.7 1 68.2 7 1.5 183.8 100. 1 201.5 95. 5 1 94. 3 alone 
a No rainbow trout collected in the seine hauls. 
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By observation, fathead minnows may have been detrimenta l to 
rainbow trout growth and surviva l through competition for feed. Even 
though a size difference existed between the 2 species, minnows fed more 
readi ly  than rainbow trout. Simi lar concl usions were stated by Burdick 
and Cooper (1956) for rainbow trout finger l ings in Weber Lake, Wisconsin. 
Since rainbow trout were not sacrificed until the final harvest date for 
stomach content anal ysis, the uti l ization of minnows by trout during 
samp l ing periods is unknown. Koth (1980) found fathead minnows to comprise 
1.2% by number/stomach and 16.8% by vol ume/stomach in 159 rainbow trout 
stomachs in South Dakota. 
Stomach samp les were taken during the 10-11 October 1980 harvest 
dates and stomach contents were determined for 29 rainbow trout. Each 
organism was enumerated as to percent number per stomach, percent vo l ume 
per stomach, and frequency of occurrence. Stomachs contained a total 
number of 1958 food organisms with a tota l vo l ume of 42.15 m l.  
Rainbow trout stomachs contained a l most exc l usive ly  insects, 
99.4% by number and 93.5% by vo l ume (Tabl e  10). Chironomidae 
comprised the most numerical l y abundant (42. 6%) of organisms in the trout 
diet; corixids ranked second (32. 3%) , notonectids third (16. 5%) , and 
chaoborids fourth (4.2%) . 
Corixids comprised the l a rgest vo l ume (50.6%) of food organisms 
with notonecti ds ranked second (2 1 .4%) , chironomids thi rd ( 12.9%), and 
dytiscids fourth (2.0%) . 
Insects were a l so found to be the most abundant numerical ly (96.6%) 
and vo l umetrica l l y (63.5%) by Koth (1980) from 159 rainbow trout stomachs 
in a South Dakota prairie pond. Hyers (1973) found that insects were the 
Tab 1 e 1 o. S tomach con ten ts of rai nbow trout (Sa 1 mo 
gairdneri) from harves ted dugouts, October, 
1980, expressed as percent number per 
s tomach and percent volume per s tomach 
(in parentheses) . (T=trace) 
Dugout 
Food I tem Gui I i ckson Hauon Nissen Sutton 
�phl poda 
Coleoptera 
Oytl scldae 6 . 7  
T T 
(33 , 31 ( I ,  7) (Tl 
Hal l p l l dae So 
(33,3) 
Hydroph 1 1 1  dae 
Dlptcra 
Chaoborlnac 7 . 9  (Tl 
Ch I ronam i dae 71t ,4 1 2 . 9  (4 1 . J) (3.8) 
Hemlptcra 
Belos tomatl dae 
T 
(It.  7) 
Corlx l dae 6 . 7 so.o 
16 ,2  83.6  
(20,0l (3 .8) (46 . lil ( 9 1 ,Sl 
Notonecti dae 16 ,7  
T 2 . 6  
( 1 . 9) (T) (3,  71 
Odona ta 
Anl soptera 
Zygoptera 6 . 7  
T 
( 1 3 ,  31 (Tl 
Terres tr I a I I nsects T T ( 3. lt) (T) 
Fishes 
Fathead mlnnc,w 
(2 ,  l l 
Brook sti ckl eback 33,3 
(91t,3) 
Samp le s i ze 1 2  9 
No. f i sh w/food 1 2  9 in s tanach 
Avg. no. food I S  6 86. 8  so. 7 I tems/s tcmach 
Avg. YO 1 .  food 
,15  2 .65 , 98 1 �65 l tems(ml ) /s tomach 
Svennes 
8. 1 
( 1 1 .  Sl 
8 . 1 
( 1 . 61 
I . It  
( 1 .8) 
I . Ii  
(T) 
so .o  
(7/t . 3) 
4. 1 
(lt .6) 
z1.o 
(6.0) 
2 
2 
37,0 
1 .09 
Workman 
Z ,5  
(T) 
(2.Sl 
(T) 
1 1 , 2 
(lt .91 
83 ,3 
(78.51 
T 
( I 0,91 
T 
(Tl 
T 
( 1 . 91 
,. 
9 1 . s  
2 . 63 
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most abundant numerical ly (54.4%) and vo l umetricall y  (64.8%) with amphi­
pods and l imnet i c  crustaceans compr i s i ng the remainder of the 153 ra i n­
bow trout stomachs i n  North Dakota pothole l akes. Wurtsbaugh and Brocksen 
(1975) reported that i nsects comprised 7.8% by number and 85.2% by volume 
i n  136 rainbow trout stomachs i n  Cast l e  Lake, Cali forni a ;  w ith the 
remai nder composed of limnetic crustaceans. Carl ine et al. (1976) 
reported that i nsects compr i sed 31.9% by number of the food in 51 rainbow 
trout stomachs i n  a W i sconsin spring pond ; w i th the rema i nder composed of 
fish and l i mnet i c crustaceans. 
Fathead m i nnows represented trace amounts of the total number and 
total volume of organi sms consumed . The uti l i zat i on of fathead minnows 
by rainbow trout may have been greater i f  stomachs were coll ected through­
out the study instead of only dur i ng the f i nal harvest period. It is al so 
possib le  that fathead minnows woul d become a more i mportant diet component 
if the trout were l arger . Lark i n  and Sm i th (1954) found that the vo l ume 
of food in the stomachs was l arger and the growth of the trout, after age 
1 1 ,  was greater after the redside shiner (Richardsonius bal teatus) became 
abundant ; growth of younger trout was s l owed by the shi ner introduct i on. 
Palatab i l i ty 
Chi -square analys i s  (Tabl e  1 1) i nd i cated no sign i f i cant d i fferen­
ces { P  >.05) i n  the i nd i v i dual react i ons to rai nbow trout pa l atabi l ity 
between the 3 dugouts tested i n  rel at i on to col or, odor, texture, or 
appearance. Seventy-five percent of the ind i vidual react i ons rated rai n­
bow trout col or as fair or better , 69.4% rated odor as fair  or better , 
50.0% rated texture as good, and 58.3% rated appearance as good or better. 
Table 1 1 .  Ch i -square ana l ysis for rainbow trout (Salmo gairdneri) 
palatability from 3 South Dakota dugouts, 1980. 
Below Be l ow  Good Above 
Fair Fair Above Fair Good Good 
COLOR 
Sutton 1 2 1 5 3 
Workman 1 4 5 1 
Nissen 0 5 1 3 3 
ODOR 
Sutton 1 1 2 6 2 
Workman 4 4 3 1 0 
Nissen 1 3 0 5 3 
FLAVOR 
Sutton 0 3 2 4 3 
Workman a ·  2 2 0 0 
Nissen 2 2 1 3 4 
TEXTURE 
Sutton 0 3 2 5 2 
Workman 2 1 2 6 
Nissen 0 2 1 7 2 
APPEARANCE 
Sutton 2 1 2 6 1 
Workman 2 2 3 3 2 
Nissen 2 0 1 5 4 
* Significant at . 05 level of p robab i 1 i ty. 
df =
. 
8. 
35 
10. 65 
13. 85 
18. 52* 
6. 13 
6. oo 
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It should be remembered that the rainbow trout were prepared and cooked 
with no seasoning . 
Significant differences (P < . 05) were detected in the I ndividual 
reactions to rainbow trout palatability concerning flavor, with the 
Workman dugout being different from the other 2 ponds. Eight of 12 
panelists (66.7%) felt the Workman rainbow trout were below fair in 
flavor, which may have been due to the high phytoplankton abundance 
noticed in that dugout during harvest. Muddy or musty flavor has been 
noticed in other areas (Lawler et al . 1974; Hahn 1974) and poses a 
problem to the commercial production of rainbow . trout. Lawler et al. 
(1974) felt the problem of poor flavor could be lessened by leaving rain­
bow trout in colder water for a longer period until the phytoplankton 
abundance declined. 
Annual Chem ical-Physical Properties 
An annual cycle of chemical-physical propert ies was monitored 
on 2 dugouts, Kurtz (new pond) and Oppelt (older pond) (Appendix 2} , 
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to determine seasonal changes and d i fferences. Figures 5 through 8 
represent the annual oxygen and temperature profiles for the 2 dugouts. 
Values were obtained by taking the mean across stations by depth 
(Appendix 6) dur ing the study period ; this was done because little 
variation occurred between stations at similar depths. 
Dissolved oxygen in both dugouts, measured in the morning, 
attained max imum concentrations during the winter months under ice 
cover and minimum concentrations during the spring and sununer months 
(20 July 1980 - 6 July 1981 sampling period) . The mean maximum and 
m inimum surface oxygen concentrat ions were 17.8 mg/1 (under ice cover} 
on 18 January 1981 and 7. 2 mg/1 on 20 July 1980 for the Kurtz dugout, 
and 26. S mg/1 (under ice cover) on 6 January 1981 and 4. 1 mg/1 on 
20 July 1980 for the Oppelt dugout. 
Oxygen concentrations increased w ith decreasing temperature. 
From 20 July 1980 to 6 October 1980 (Figure 5), surface oxygen increased 
from 7. 2-10. 3 mg/1 and temperature decreased 22. 1-15.5 C in the Kurtz 
dugout. Surface oxygen increased from 4. 1-9.6 mg/1 and temperature 
decreased from 22.2-14. 8 C in the Oppelt dugout. Oxygen reached a 
level of 13. 0 mg/1 on 12 August, which could be attributed to a phyto­
plankton bloom. From 20 October 1 980 to 6 January 1981 (Fig. 6) , 
surface oxygen increased from 11. 7- 17. 7 mg/1 and temperature decreased 
from 7. 9-3. 8 C in Kurtz. Surface oxygen increased from 10. 7-26. 5 mg/1 
and temperature decreased from 8. 2-3. 0 C in Oppelt. From 18 January 
3 
2 
- 3 
:c 
I- 3 
0. 
w 
c 
2 
Figure 5 .  
6 12 15 
, . ' , . I 
r II 
r II , . i 
·-; ,. ,. 
1.1 f 
6 9 12 
' 
I 
I 
t 
t 
t 
t ' • 
7·20 
K U RT Z  
. 
18 
I 
. . 
OXYGE N ( mg/ I ) 
21 24 3 6 15 18 21 24 
,, 
2 . , 
TEM PERA T URE (°C )  
24 3 6 9 12 15 18 21 .. · '  
:;/ I . .. ' •• I .. / , 
I /  • I I I. 
If 
{ 
I I I , .  ; I ., 
/I , I� 2 • / I 
J I . 
I I . 
, . 3 
, 8-12 - - -8·24 - - -9·7 -··--·- 9·21 ········• 10·6 
O P PELT 
Mean dissolved oxygen and temperature prof i les across stations by depth of Kurtz and 
Oppelt dugouts for 20 July 1 980 to 6 October 1 980. 
w co 
OXYGE N ( mg/ I )  
3 6 9 12 15 18 21 24 3 6 9 12 15 18 21 
24 
. I I 
• •  I 
. 
' 
' ' 
1 . I I 
f 
1 
. ' t 
. I \ : . ' 
. ' 
// ' 2 . I . 2 
. I I I 
3 
3 -
::c TE M PERA T URE (°C )  
I- 3 9 1 2  IS 18 21 24 3 9 12 15 18 21 24 ' 
a 
\
1
\ 
,, \ '  
\ 
2 
2 
3 3 
---10-20 • • • • 11-3 - - -11-23 - - -12-2 -·-·-··-12-14 ••••••••1-6 
KU RT Z O P PE LT 
F igure 6. Mean d issolved oxygen and temperature profi les across stat i ons by depth of Kurtz and 
Oppelt dugouts for 20 October 1980 to 6 January 1981. 
3 
2 
- 3 
............ 
:c 
.... 3 
c 
1 
2 
3 
Figure 7. 
6 15 18 
' " ' 
� 
t �  • k 
i I • 
6 9 12 15 18 
\ 
\ 
. 
1-18 • . 
KU RT Z  
OXYGE N ( mg/ I ) 
21 24 3 6 9 12 15 
• 
t ' 
1 I ' 
2 
3 
TEM PERATU R E  (°C )  
21 24 
1 
2 
•2·8 - - -2-22 - - -3-8 
3 •6 9 12 15 
,· \'' 
\ . t \ \ . t \ 
\ :   
_ .. .-. ....... , ... 3-22 .......... 4-5 
O P PE LT 
18 
18 
Hean d i ssolved oxygen and temperature profiles across stat i ons by depth of 
Oppelt dugouts for 18 January 1981 to 5 Apr i l  1981 .  
21 24 
I I I 
21 24 
Kurtz and 
0 
1 
2 
3 -
2 
3 
3 
• -� 
,// 
•• •
• I 
3 6 
O XYGE N ( mg/ I ) 
9 12 15 18 21 24 
3 
1 
2 
3 
I 
I 
I 
TEM PERAT URE (°C )  
t 
t 
24 
t I 
I t I • t ,/ I • / _.• 
I ! •" I 1 // I I f f 
1 ,  I 
3 
1 
2 
3 
6 9 
12 IS 18 21 24 
18 21 24 
I I I I 
, ,) ,,,,,.. 
( 
---4-26 · • • • 5·10 - - -S-25 - - -6-8 -·
·�·-··- 6-22 ••••••••• 7·6 
K U R T. Z  O PP E LT 
Figure 8. Mean d i ssolved oxygen and temperature profi les across stat i ons by depth of  Kurtz and 
Oppelt dugouts for 26 Apr i l  1981 to 6 July 1981. 
42 
1981 to 5 April 1981 ( Fig. 7) , surface oxygen decreased from 17. 8- 11. 3  
mg/1 and temperature increased from 2. 8-5. 5 C in Kurtz. Surface oxygen 
decreased from 25. 3- 11. 2 mg/1  and temperature increased from 2. 3-6. 5  C 
in Oppelt. From 26 April 1981 to 6 July 1981  (Fig. 8) , surface oxygen 
generally decreased from 1 1. 7-9. 4 mg/1 and temperature increased from 
14. 5-24. 6 C in Kurtz. Surface oxygen was consistent from 10. 1-11. 5 mg/1 
and temperature increased from 15. 5-26. 2 C in Oppelt. 
In an idealized lake, the oxygen concentration prior to and 
after ice cover is at or near 100% saturation, which would be between 
12- 13 mg/1 oxygen if occurring at about 4. 0 C (Wetzel 1975; Boyd 1979) . 
During this study, ice cover occurred from the end of November to the 
middle of March. A partial thaw occurred the 22 February 1981, which 
accounted for the drop in oxygen concentrations as the gas escaped to 
the atmosphere. Temperature tended to increase under the ice, due 
either to heating from the sediments or to the clarity of the ice 
allowing for light penetration. Temperature beneath the ice ranged 
from 1. 9-7. 6 C in Kurtz and from 1. 0-4. 8 C in Oppelt. I ce was snow 
covered from January to February 1981, which is reflected by the decline 
in oxygen and temperature during this period (Fig. 7). Maximum ice 
thickness during this study was 0. 4 m with ice clarity ranging from 
clear to opaque. 
The oxygen concentration began to exceed the saturation level in 
both dugouts from about 7 September 1980 to 22 March 1981. This increase 
is most probably due to wind mixing, water cooling, and the period of ice 
cover. The most striking difference between the 2 dugouts concerning 
oxygen concentration occurred during ice cover. Prior to ice formation, 
the oxygen concentration in Kurtz remained above the concentration in 
Oppelt. After ice formation, the oxygen concentration in Oppe lt  exceeded 
that of Kurtz (Fig._ 6-7). From 14 December 1980 to 8 March 198 1, Oppe l t 
oxygen concentration exceeded 2 1. 1 mg/ 1 with a maximum l eve l of 26.5 mg/1, 
but the Kurtz oxygen concentration never exceeded 17 . 8  mg/1 during this 
period. The reversa l in oxygen concentrations may indicate the differences 
in productivity between the 2 dugouts. The Oppe l t  pond was excavated in 
1977 and probab l y  has a n  established phytop l ankton community as observed 
by the oxygen production under the ice, whereas the Kurtz pond was excava­
ted in 1980 a nd probab l y  was estab lishing a phytoplankton community. 
Oxygen depth profil es were simil ar for both dugouts, except for 
the tendency of greater oxygen dep letion near the sediments in Oppe l t  
compared to Kurtz. The greatest surface to bottom difference in oxygen 
was 11. 7 mg/ 1 (13. 0-1. 3  mg/ 1) on 12 August 1980 in Oppe l t; probab l y  
associated with a n  a l ga l  b l oom and col l apse . The greatest surface to 
bottom difference in oxygen was 6. 7 mg/ 1 (9. 4-2. 7 mg/1) on 6 Jul y  198 1 
in Kurtz . 
Oxygen profil es for Kurtz tended to be fairly uniform from surface 
to bottom in 1980 (Fig . 5-6), but greater f l uctuations occurred from 
surface to bottom in 1981 { Fig. 7-8). Increased primary production through 
pond aging processes cou l d  be a possib l e  exp l anation for this phenomenon. 
Oppe l t  had simi l ar oxygen profi l es in the summers of 1980 and 198 1. 
Max i mum depth dec lined in both dugouts during the study period 
(Appendix 6). The greatest depth for Kurtz and Oppe l t  were 3. 4 m and 
2. 5 m, respective l y, occurring on 20 July 1980, and the l owest depth for 
Kurtz and Oppe l t  were 2 . 7  m and 0. 9 m, respective l y, occurring on 6 July, 
1981. 
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Water clarity varied with sampling dates and observed turbidity 
increases were associated with livestock watering. Secchi disc visi­
bility fluctuated from 35-165 cm in Kurtz { Table 12) , and from 13-105 cm 
in Oppelt (Table 13) . Both dugouts had lowered water visibility prior 
to and after ice cover, which could be associated with vertical mixing 
of the water column. Turbidity readings were less than 85 JTU on all 
sampling dates in the Kurtz dugout. Turbidity readings were generally 
less than 85 JTU in the Oppelt dugout except for readings of 110 JTU on 
20 July 1980, 90 JTU on 20 October 1980, 155 JTU on 8 June 1981, and 
270 JTU on 6 July 1981. 
Specific conductance and sal inity readings were consistently 
higher in the Kurtz pond compared to the Oppelt pond {Appendix 6) . �ur-. 
face conductivity readings ranged from 653-1037 µmhos in Kurtz, with the 
higher readings occurring under ice cover when ions were concentrated 
during ice formation (Barica 1977) . Oppelt had a range in conductivity 
of 268-626 µmhos. Higher values were attained on 21 September and 6 
October 1980, which were unexpected and may have been due to an alternate 
YS I Model 33 S-C-T meter used during these dates; the project meter was 
being repaired. Generally, the greater the concentration of ions in 
natural water, the larger the conductivity (Boyd 1979) . The higher con­
ductivity readings in Kurtz compared to Oppelt could be explained by the 
greater concentration of hardness causing ions {Table 12-13) in Kurtz. 
Reid ( 1961) stated that evaporation from closed lakes can cause 
conductivity to increase over 10 fol d. This phenomenon did not occur 
in the Oppelt dugout when depth decl ined to 0. 92 m. Conductivity tended 
to increase with depth in both dugouts. The reason for this increase is 
Table 12 . Chemical-physical properties of Kurtz dugout, 1 980- 1981 . 
1 980 
Parameter Date : 7-20 8- 1 2  8-2lt 9-7 9-2 1  1 0-6 10-20 1 1 -3 1 1 -23  1 2-2 1 2-1  lt 
Secch i O i se  ( cm) 58 1 25 1 65 1 1 5 1 1 0 65 70 75 75 80 1 00 
.Turb i d i ty ( JTU) < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 
pH 8 . Zlt 8 .2lt 8 . 24 8 .24  8 . 24 8 .2lt 8 . 2lt 8 . 2lt 8 .0 1  8 .24 7 . lt8 
Free Carbon D i ox i de ( COz) 0 0 0 1 .0 I .  5 6 . 0  lt .  0 1 0 . 0  6 . 0  1 1 .0 1 0 . 0  
Tota l  A l ka l i n i ty ( CaC03) 1 60 1 83 1 66 1 50 1 66 1 64 162 1 88 1 98 2 1  lt 204 
Carbonate 1 2  I lt 20 0 0 0 0 0 0 0 0 
B i carbonate 1 lt8 169 i li6 1 50 1 66 164 1 62 1 88 1 98 2 1 4  2011 
Total Hardness ( CaC03) 359 lt36 378 362 459 448 424 45 1  389 559 626 
Carbonate Hardness ( CaC03) 1 60 1 83 166 150 1 66 164 162 1 88 1 98 2 1 4  2011 
Noncarbonate Hardness ( CaC03) 1 99 253 2 1 2  2 1 2  293 284 262 263 1 9 1  345 422 
Ca l c i um ( Ca) 96 1 1 2 1 00 92 98 100 1 32 1 4 1  1 36 1 28 1 60 
Magnes i um (Hg) 29 38 3 1  32 52 48 23 24 1 2  58 55 
I ron ( Fe) • 1 8  , 09 . 08 . 1 3 * . 4  . 08 .Olt .08 . 1 2 .09 
Manganese (Mn) . 05 .05 • I 0 * 0 0 0 0 0 0 
Phosphate (P)  
Or tho- . 005 . 0 1 • 0 1  . 005 • 0 1  . 0 1  . 005 . 0 1 5  . 0 1  . oz . 0 1  
Tota l . 05 . 03 . 07 . 03 .oz . 04 .025 .03 .03 . 04 .04 
N I  t ra te (N)  . 48 . 25 . 2  • I . 04 • I I  . 02 . 08 . I .08 .08 
Alllnon la  (N) . 7  . 7  . s . 3 . 2  • 1 . I . 3  . 3  . ) . 25 
Ch lor i de ( C l )  6 6 7 la 5 4 6 6 4 6 7 
Potas s i um  (K) 2 3 3 2 3 I 2 I I I I 
Su l  fate (so,1) 2 1 0  225 2 1 8  234 238 248 250 240 225 288 300 
Sod i um (Na) 6 5 5 5 6 5 5 5 7 7 6 
Tab l e  1 2 .  Con t i nued. 
1 98 1  
Paramc ter Date : 1 -6 1 - 1 8  2-8 2-22 3-8 3-22 4-5 4-26 5- 1 0  5-25 6-8 6-22 7-6 
Secch i D i sc  ( cm) 1 00 90 1 30 1 35 90 99 40 60 35 75 75 50 60 
Turb i d i ty ( JTU) < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 
ptl 7 . 8 1  8. 0 1  8 . 0 1 7 . 35 7 . 22 8 . 24 8. 24 8 . 24 8. 2'i 8 . 0 l  8 . 0 1  8 . 24 8 . 24  
Free Carbon D i ox i de (CO
f
) 1 1 .  0 1 1 . 0  1 0 . 0  32 . 0  3 1 . 0  1 8. 0  1 2 . 0  7 , 5 1 2 . 0  9 . 0  7 , 0  5 , 5  6 . 0  
To l a !  A l ka l i n i ty (CaC03 281  298 305 287 263 277 257 204 2 1 7  1 99 1 93 1 98 1 97 
Carbon.:ite 0 0 0 0 0 0 0 0 0 0 0 0 0 
B i ca rbonalc 28 1  298 305 287 263 277 257 204 2 1 7  1 99 1 93 1 98 1 97 
Tota l  Hardness ( CaC03) 596 656 726 659 587 579 597 596 595 559 526 5 1 7  li98 
Ca rbonate Hardness ( CaC03) 281 298 305 287 263 277 257 204 2 1 7 1 99 1 93  1 98 1 97 
NoncarbonaLc Hardness ( CaC03) 3 1 5  358 42 1 372 3211 302 3'i0 392 378 360 333 3 1 9 30 1 
Ca l c i um ( Ca) 1 76 200 200 1 88 1 36 1 56 1 60 1 28 1 36 1 28 1 28 1 36 1 36 
Magnes i um (Mg) 38 38 55 'i6 60 li6 li8 67 62 58 so liJ 36  
I run ( Fe) . I . 08 . 1 4 . 16  . I • 1 3  . 08 • 1 2  . 25 . I . 04 . 06 . 22 
Mang.:incse (Mn) . I . 05 0 . 05 0 . I • 05 • 0 0 . I . 4  , 05 , 75 
Phosphulc (P)  
Or tho- . 02 . 02 . 02 . 0 1 . 0 1  . 0 1 5  . O J  . O J  .02 .OJ  .005 . 0 1  . O J  
To t.a l . O'i . OJ .025 • Qli . 025 . OJ .Oli . 03 .os . 03 .025 . 02 . 04 
N i  t ra t.c ( N) . 05 . 02 .08 , 1 3 . 1 5 • 1 3  .28 . 06 , 03 . 08 . O J  . 02 . 04 
Ammon i a  (N )  . 2  • 3 . I , 65 ·. 2 . J . 2  , 2  , 3  . J  . 2  . J  . " 
Ch l or i de ( C l )  7 9 1 2  6 1 1  8 1 0  9 1 0  J O  7 6 6 
Po tass i um (K) 2 2 2 2 I 2 2 I I I 2 I 2 
Su l fate  ( S011 ) 381! 356 1100 320 302 305 303 305 385 350 340 340 383 
Sod i um (Na) 7 8 8 7 6 6 6 6 6 6 7 6 7 
* No v.:i l uc determ i ned .  
· Va I uc expressed as mg/ I of pa r.:imc tcr i 11 1><1 ren thcs i s .  
----·-- -------
Table 13. Chemica l -physical properties of Oppel t dugout, 1980-1981. 
1 980 
Parameter Date : 7-20 8- 1 2  8-24 9-7 9-2 1 1 0-6 10-20 1 1 -3 1 1 -23 1 2-2 1 2- 1 4  
Sccch l D i sc (cm) 1 3  40 1 05 73 70 30 20 35 70 75 65 
Turb i d  I ty ( JTU) 1 10 < 85 < 85 < 85 < 85 < 85 90 <85 < 85 < 85 <85' 
pH 7 . 48 8 . 82 9 . 1 7  8 . 5 1  8 . 5 1  8 . 24 8 . 0 1  8 . 24 8 . 24 7 . 48 7 , 118 
Free Carbon D i ox i de (C02) 1 . 5 0 0 0 0 4 .0  3 . 5  1 0 .0  6 . 5  1 . 0 1 0 . 0  
To tal A l ka l i n i ty ( CaC03) 150 1 24 1 1 8  1 4 1  1 43 162 1 99 162 1 97 1 80 1 83 
Carbonate 0 32 46 46 6 0 0 0 0 0 0 
B i carbonate 1 50 92 72 95 1 37 162 1 99 162 197 1 80 183 
Tota l Hardness (CaC03) 1 74 2 1 9 1 79 1 54 208 2 1 0  206 330 228 300 258 
Carbonate Hardness (CaC03) 1 50 1 24 1 1 8 1 1, 1 1 43 1 62 199 162 197 1 80 183 
Noncarbonate Hardness  (CaC03) 24 95 6 1  1 3  6 1  li8  7 168 3 1  1 20 75 
Ca l c i um (Ca) 49 liO 32 38 42 40 74 7 1  60 72 80 
Magnes i um (Mg) 1 2  29 24 1 4  25 26 5 37 . 1 9  29 14 
I ron (Fe) . 46 . 08 . J I  . 58 * I .  35 . 24  .05 . 22 .25 . 1 6 
Manganese (Hn) 1 . 0 . os 0 . 1 4  * . 2  0 0 0 0 0 
Phosphate ( P) 
O r  tho- . 05 . o t  . 005 . 005 . 02 . O J  . 0 1  . 0 1  .005 . 02 .005 
Tota l . 1 6 . I . 09 . 05 . 06 .08 • I .09 .07 . 08 .07 
N I  trate (N) .26 • I . 03 . 08 . 05 .08 . 1 4 . 1 4 . I • t . 07 
Ammon I a ( N) 2 . 0  1 . 0 . 5 .75 . 2  , 5  .7 .9  . 55 . 5  . )  
Ch  1 or  I d e  ( C I ) 1 1  7 14 8 8 7 7 7 6 8 I I  
Potass I wn (K) 6 6 5 5 6 4 5 4 5 5 5 
Su l fate (S04) 58 42 42 39 38 43 49 42 52 5 1  63 
Sod i um (Na) 3 3 3 3 4 4 4 4 4 6 5 
···- ---··-··----· - --- -··---·-------........ --
Tab l e  1 3 .  Con t i nued . 
198 1  
Parameter Da te : 1 -6 1 - 1 8  2-8 2-22 3-8 3-22 4-5 4-26 5- 1 0  5-25 6-8 6-22 7-6 
Sccch i D i sc (cm) 60 70 70 90 50 50 52 45 60 55 1 5  35 20 
Turb i d  I ty (JTU} < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 < 85 1 55 < 85 270 
pll 8 . 5 1  8 . 5 1  8. 5 1  8 . 24 8. 82 8 . 24 8 . 0 1  8 . 24 8 . 24 8 . 24 8 . 0 1  8 . 5 1  8 . 5 1  
Free Carbon D iox i de (CO
f
) 0 0 0 9 . 0  0 6 . 0  1 1 . 0 7 . 0  3 . 0  8 .o  8 .o  0 0 
Tota l  A l ka l i n i ty ( CaC03 200 206 2 1 0  1 4 1 1 1 8 1 1 8 1 35 1 49 1 53 .1 68 1 55 1 1 6 1 30 
Carbonate 4 4 16  0 24 0 0 0 0 0 0 1 2  8 
B I  ca rbonate 1 96 202 1 94 1 4 1  94 1 1 8 1 35 1 49 1 53 168 1 55 I 04 1 22 
To ta l Hardness ( CaC03) 3 1 9  336 360 22 1  1 69 165 320 260 250 250 270 198 1 76 
Carbon.ite Hardness (CaC03} 200 206 2 1 0  1 4 1  1 1 8 1 1 8  1 35 1 49 1 53  1 68  1 55 1 16 1 30 
Noncarbonate Hardness ( CaC03) 1 1 9 1 30 I SO 80 S I  47 1 85 1 1 1  97 82 1 1 5 82 46 
Ca l c i um ( Ca) 80 72 88 52 43 1,6 52 48 Bo 60 1,8 56 43 
Magnes i um (Hg) 29 38 34 22 1 5 12  46 34  12  24  36 1 4  1 6  
I ron ( Fe)  • I • 1 lt • 1 5  • 1 6  . I • 1 7  . 2  . 2 1  . 27 . 51, . 62 . 25 . 93 
Manganese (Hn) 0 0 0 0 0 0 . I 0 . J . 25 . 55 . I • 4 
Phosph.ite ( P) 
Or tho- . 0 1  . 02 . 0 1  . 005 . 0 1  . 0 1  . 0 1  . 0 1 5  . 0 1 5  .02 . 025 . 0 1  . 0 1  
Tota l . 08 . 08 .OB . 09 .08 . 06 . 08 . 065 . 09 . 08 . 07 . I • 1 3  
N I  t ra Le ( N) . I • I . 06 . 25 . OJ . 08 . I I  . I . Olf . 08 . I I  . 09 . 08 
A11111on i a  ( N) . 5  • 4 . 1 5  .1 . 6  . 6  . 5  .6 • 4 .5 . 8  . 55 . 2  
Ch I o  r I de ( C I ) 1 6  16  1 8  , ,. 1 5  , ,. 1 3  1 7  16  1 3  1 3  1 6  . , ,. 
Potuss i um (K) 7 9 9 7 5 5 5 5 6 6 7 5 10  
Su l l'cl te (so,, ) 92 98 126 66 60 52 62 6 1  66 70 75 75 78 
Sod i um (Na) 6 7 7 5 ,, 3 ,. ,. 5 5 5 5 6 
t, No va lue determ i ned . 
Va l ues expressed as mg/ I  of  parameter i n  parenthes i s .  
� 
00 
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uncertain, but cou l d  have resul ted from ca lcu l ated temperature correction 
to 25 C or from different sett ling rates for different ions in the water 
co l umn. 
Sal inity rare l y  exceeded 0.2 °/oo in the Kurtz dugout and o . o  0/oo 
in the Oppel t  dugout. Sal inity reached a high of 0. 4 °/oo on 8 March 1981 
in Kurtz when the ice was me l ting and mixing of the water occurred. 
Salinity is the total concentration of al l ionic constituents present in 
water (Boyd 1979) . The higher sa l inity readings in Ku rtz compared to 
Oppe l t  cou l d  be exp l ained by the greater concen tration of hardness causing 
ions (Tabl e  12-13) in Kurtz. 
Litt le  variation existed in the seasona l pa ttern of a l ka l in i ty 
between the 2 dugouts (Fig. 9-10). They genera l l y  increased from a summer 
minimum to winter maximum. Total a l kal inity varied f rom 150-305 mg/1 in 
Kurtz (Tab l e  12) and from 118-210 mg/1 in Oppel t  (Tabl e  13) . Higher 
a l kal inity val ues were attained during winter months because ions sett l e  
out during ice formation and associate with carbonates and bicarbonates 
in the water {Boyd 1979) . 
A l kal inity is usua l l y  divided into hydroxide, carbonate, and 
bicarbonate components. Hydroxide alka l inity did not occur in either 
dugout, but carbonate a l ka l inity did occur. Carbonate and bicarbonate 
a l kal inities can be cal cu l ated stoichiometrical l y, that is, carbonate 
a l kal inity equa ls  2 X phenol phtha l ein a l ka l inity, and bicarbonate al ka linity 
equal s total a lka l inity minus carbonate a l ka l inity (Sawyer and McCarty 1978). 
For the 2 dugouts studied, carbonate a l kal inity prevai led when pH val ues 
exceeded 8.3, bu t bicarbonate a l kal inity prevai l ed on a l l samp l ing dates. 
- ------ -- ·--- ·--·--·-------�-------------------------------
800 
720 
640 
560 
- 480 s-
u 
Cl 400 u 
.,, 
..!. ' 320 
r 
240 
160 
80 
K U R T Z  
. . . . . . . . . . . . .. ·. . . . . . . . 
.···. NONC A R B ON ATE 
••• ···H A R D NES S ••• • • . . . . . . . . . . . . . . . ·. ·. .·. . . . . .. . -------... • . . . .. ·· 
. . . .. 
• :· • . • . : , ... - --,"II, . . . . .. . -. . . . ,,' ----�
,..� .. ,, . . . . . 
: 
,,' ', . . . . : . . . , ',, 
•.  
• •• , .
. . • 
..
..... .,•' A L K AL I N ITY '•, --· ,------- '-' --....... _______ _ 
---------.......... _ _ .. ________ ,,, 
J A 
....... --
s 0 N D J F 
D A  T E 
M A M J J 
Figure 9. Seasonal cycl e  of total hardness , carbonate hardness (alkal i nity) , 
and noncarbonate hardness for Kurtz dugout ,  1980-1981. 
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Fi gure 10. Seasonal cycle of total hardness, carbonate hardness (al kal i n i ty) , 
and noncarbonate hardness for Oppel t dugout, 1980-1981. 
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Free carbon dioxide occurred in both dugouts when pH val ues were 
bel ow 8.3. Ranges in attained val ues were from 0-32 mg/1 in Kurtz, and 
from 0-11 mg/1 in Oppe l t. The high Kurtz va l ues occurred during ice cover 
when phytopl ankton was active l y  respiring. An a l ternate method of carbon 
dioxide determination shou l d have been chosen since titration end points 
were difficul t  to determine . 
Ranges in pH va l ues were from 7. 22-8.24 in Kurtz and from 7.48-
9.17 in Oppel t. The l ow  Kurtz pH val ues corresponded with high carbon 
dioxide concentrations and ice cover . The pH val ues ca l cu lated were 
approximate figures due to the inaccuracy of the test kit used. 
Littl e variation existed in the seasonal cyc l e  of hardness between 
the 2 dugouts. Hardness general l y increased from a summer minimum to 
winter maximum (Fig. 9-10) . The Kurtz dugout was consistent ly  greater in 
the 3 forms of hardness than the Oppe l t  dugout. Tota l hardness ranged 
from 359-726 mg/1 in Kurtz , and from 165-360 mg/1 in Oppel t. Carbonate 
hardness (A lka l inity) ranged from 150-305 mg/1 in Kurtz, and from 116-
210 .mg/1 in Oppe l t. Noncarbonate hardness ranged from 191-422 mg/1 in 
Kurtz, and from 7-185 mg/1 in Oppe lt  (Tabl e  12-l J). 
Hardness is caused by diva lent metal ic cations which are capab l e  
of reacting with soap to form prec i pitates (Sawyer and McCarty 1978). 
The princip l e  hardness causing cati ons used for ca l cul ation of total 
hardness for this study were ca l ciwn, magnesium, iron, and manganous ions. 
The part of the total hardness that is chemica l l y equival ent to the 
bicarbonate p l us carbonate a l ka l in ities (tota l a l ka l inity) present in the 
water is considered to be carbonate hardness. The amount of hardness 
which i s  in excess of the carbonate hardness is ca l l ed noncarbonate 
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hardness (total hardness - alkalinity). Noncarbonate hardness cations 
are associated with sulfate, chloride, and nitrate anions. All forms of 
hardness are expressed as calcium carbonate. 
Noncarbonate hardness was always greater than the carbonate 
hardness in the Kurtz dugout (Fig. 9), but carbonate hardness was generally 
greater than noncarbonate hardness in the Oppelt dugout (Fig. J O). Since 
noncarbonate hardness is generally associated with the anions present in 
the water, the difference between the 2 dugouts is primarily due to sul­
fate concentrations. Sulfates were always greater than the carbonate 
hardness in the Kurtz pond (Table 12), but always less in the Oppelt pond 
(Table 13). Sulfates generally increased from a summer minimum to winter 
maximum, with ranges from 210-400 mg/ I in Kurtz and from 38-126 mg/I in 
Oppe I t. 
The sudden decline in hardness from February to March 1981 coin­
cided with the end of ice cover and increased dilution. The unusual 
increase in hardness on 5 April 1981 was associated with a sudden increase 
in magnesium on that date. Kurtz hardness did not fall to approximately 
the same level in July 1981 as in July 1980. Calcium was used to calcu­
late total hardness and concentrations increased from 1980 to 1 981 
(Table 12). 
Calcium, magnesium, iron, and manganese cations had similar 
seasonal patterns for the 2 dugouts (Table 12-13). Calcium ranged from 
92-200 mg/1 in Kurtz and from 32-88 mg/1 J n  Oppelt. Magnesium ranged from 
12-67 mg/1 in Kurtz and from 5-46 mg/1 in Oppelt. Calcium and magnesium 
had higher values during the winter months due to precipitation into the 
water during ice formation. Iron ranged from 0. 04-0."25 mg/1 in Kurtz 
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and from 0.05-0, 93 mg/1 in Oppelt. Manganese ranged from 0.00-0.75 mg/1 
in Kurtz and from 0.00-1.00 in Oppelt. When oxygen falls to near 
zero at the sediment/water interface, a ferrous condition results where 
iron and mangenese go into solution in the water column (Wetzel 1975) ; 
accounting for the higher concentrations of iron and mangenese on certain 
dates during . the study. 
Nitrogen and phosphorous are essential to living organisms due to 
their roles in protein metabolism and energy transfer (Schmidt 1967) . 
Ortho- and total phosphate, nitrate·N ,  and anmonia-N were determined and 
no consistent seasonal pattern was noticed (Table 12-13) . Orthophosphate 
ranged from 0.005-0.020 mg/1 in Kurtz and from 0.005-0.025 mg/1 in Oppelt. 
Total phosphate ranged from 0.02-0.07 mg/1 in Kurtz and from 0.05-0.15 
in Oppelt. Nitrate-N ranged 0.01-0. 48 mg/ 1 in Kurtz and from 0. 03-0.26 mg/1 
in Oppelt. Ammonia-N ranged from 0 . 1-0.7 mg/1 in Kurtz and from 0. 2-
2.0 mg/1 in Oppelt. 
Potassium, sodium,  and chloride displayed no seasonal pattern, 
but potassium and chloride concentrations tended to be greater in the 
Oppelt dugout; possibly due to soil fertility (Boyd 1979) . Potassium 
ranged from 1-3 mg/] in Kurtz and from 4- 10 mg/I in Oppelt. Sodium 
ranged from 5-8 mg/1 in Kurtz and from 3-7 mg/1 in Oppelt. Chlorides 
ranged from 4-12 mg/1 in Kurtz and from 6-18 mg/1 in Oppelt. 
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APPENDI X  
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Appendix 1 .  Physical description of study dugouts and numbers of rainbow trou t (Salmo gatrdneri) and 
fathead minnows (P lmephales promelas) stocked , 1980. 
Legal Description Stocking # RbT 
I 
# FhM 2 Name County Section Township Range Hectares Combination Stocked Stocked 
Su tton Brookings SEl; 25 1 1 1-48 0.049 1977/ha FS 96 131 
Bruemmer Brookings SWl; 1 1  109-48 0. 06 1 1977/ha FS 121 160 
Berg # 1  Kingsbury SEl; 35 1 10-53 0. 033 1977/ha FS 65 95 
Starkenburg Brookings NEl. 33 1 1 1-51 0. 043 1483/ha FS 63 1 15 
Sterud Brookings SE! 33 109-50 0.049 1483/ha FS 73 125 
Gullickson Moody SEl; 17 108-48 0. 057 1483/ha FS 84 145 
Apland Brookings SE!- 26 112-5 1  0. 043 988/ha FS 43 1 11 
Workman B rook I ng s NW! 17 1 12-49 0. 078 988/ha FS 77 200 
Berg #2 Kingsbury NE,}. 16 109-53 0. 074 988/ha FS 73 1 95 
Christensen Brookings NWl. 24 1 1 1-52 0. 076 494/ha FS 37 192 
Jensen Brookings NWl. 14 1 11-52 0.037 494/ha FS 18 103 
Moore Moody NWl. 16 1 08-49 0. 050 494/ha FS 25 127 
Harvey Brookf ngs NE,}. 32 1 10-50 0. 079 494/ha S 39 0 
· Kurtz Brookings NEl;SW! 3 1  11 1-47 0. 045 494/ha S 22 0 
Matson Moody SW! 16 108-47 0.06 1  494/ha S 30 0 
Bain Brookings SW! 6 1 12-49 0.064 494/ha 32 0 
Hersrud # I  Moody SE!-NEl; 22 108-50 0. 084 494/ha 42 0 
Hersrud #2 Moody SWl;NEl; 22 108-50 0. 096 494/ha 48 0 
Olesen Brookings Si 31  109-52 o.  110 Extra 272 0 
Svennes Brookings Si 6 1 10-50 0.040 Extra 256 0 
Nissen Moody SW,}.SW!- 19 107-47 0. 050 Extra 125 0 
F - Fathead minnows stocked. 
S - Supplemental feeding. 
1 Trout stocked 30 April , 1980. 
2 Minnows stocked 17 April , 1980 at 2471/ha. 
°' w 
Appendix 2. Physical description of Kurtz and Oppelt 
dugouts for physical-chemical analysis, 
1980- 1981 .  
Ku rtz Oppelt 
Legal description NW .J. 6 1 10-47 NW -k 1 1 1  o-48 
{Section Township Range) 
Year excavated 1980 1977 
Hectares 0.032 0.038 
Width (m) 15. 0  14. 2  
Length (m) 21.3 26.6 
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Append i x  3. Ra i nbow trout (Sa lmo ga i rdner i ) capture data dur i ng samp l i ng 
dates of dugouts , 1 980 . 
� l eng th � we i ght 
We i ght  
Date Dugout No. Leng th range range 
5/2 1 Sutton 6 1 67 .8  1 50 - 1 79 52 . 3  36 - 64 
Bruenmer 6 1 49. 2 1 3  l - 1 64 35 . 0  20 - 40 
Berg # l  6 1 78. 8 1 65 - 1 94 61 . 7 50 - 75 
Sta rkenbu rg 6 1 50 . 5  1 43 - 1 62 34 . 3  22 - 48 
Sterud 6 l 79. 3  1 62 - 208 74 . 7  56 - 1 1 4 
Gul l i cksona 6 1 48. 5 1 32 - 1 7 1 21 . 0  1 4  - 48 
Apl and 6 1 73 . 8  1 5 1  - 1 99 59. 7  32 - 94 
Workman 6 1 84 . 7  1 66 - 209 81 . 7  20 - 1 24 
Berg #2 6 1 78. 2 1 60 - 200 63. 3  40 - 88 
Chr i s tensen 4 1 65 . 8  1 48 - 1 87 54 . 0  30 - 70 
Jensen 4 1 53. 5 1 36 - 1 77 40 . 5  32 - 50 
Hoo re a 6 1 80. 8 1 52 - 1 98 74 . 5  42 . - 90 
Harvey a 0 
Kurtz 6 1 11 . 2 1 59 - 1 97 75 . 3  46 - 1 02 
Matson a 6 1 57.2  1 46 - 1 80 4 1 . 2  30 - 60 
Ba i n  4 1 80 . 3  1 69 - 1 90 73. 0  66 - 80 
Hers rud # 1  6 1 60 . 2  1 38 - 1 72 47. 3 34 - 62 
Hers rud #2 6 1 68. 2 1 38 - 1 83 47. 2  30 - 60 
6/6 Sutton 6 1 65 . 3  1 42 - 1 79 46. 5 33 - 57 
Bruemmer 6 1 62 . 8  1 44 - 1 96 44. 7 30 - 69 
Berg # 1  6 1 85 . 0  1 77 - 1 9 1  72. 0  5 7  - 88 
Starkenburg 6 1 59 , 7  1 48 - 1 85 39 . 2  29 - 63 
Sterud 6 1 84 .  7 1 64 - 203 74. 7  55 - 98 
Gul l i ckson 6 1 58. 7 1 49 - 1 69 36.0 31 - 43 
Apl and 6 1 84 . 5  1 56 - 2 1 4  66.2  36 - 1 1 2 
Workman 6 2 1 1 . 0 1 94 - 242 1 1 9. 8  94 - 1 74 
Berg #2 4 1 75 . 3  1 54 - 1 98 58. 0 39 - 84 
Ch r i s  tens en 1 1 88. 0 1 88 63. 0  63 
Jensen 6 1 77 . 8  1 62 - 1 85 58. 2 47 - 68 
Hooreb 
Harvey 0 
Kurtz 4 201 . 3  1 87 - 2 1 4 99. 0  85 - 1 1 9 
Matson 6 1 83 . 5  1 67 - 1 98 67. 2  54 - 86 
Ba i n  1 2 1 5 . 0  2 1 5  1 26. 0 1 26 
Hers rud # 1  6 1 83. 2 1 5 1  - 1 98 70. 8  37 - 95 
Hers rud #2 6 1 79 .3  1 63 - 1 90 63. 2 49 - 75 
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Append ix 3 .  Con t i nued . 
6/20 Sutton 6 1 65 . 2  135 - 1 78 so . 1  3 3  - 59 
B ruemmer 6 1 73 . 3  1 60 - 1 9 1  49 . 7  37 - 68 
Bert  # 1  6 1 98 . 5  1 90 - 2 1 5  96 .2  77  - 1 2 1  
Starkenburg 4 1 66 . 5  1 48 - 1 89 46 . 5  29 - 67 
Sterud 6 1 90 . 0  1 44 - 205 75 . 7  32 - 89 
Gu l 1 i ckson 6 1 58 . 5  1 46 - 1 79 37 . 2  27 - 52 
Ap l and 6 1 89 . 0  1 57 - 2 1 6  7 1 . 7  37 - 1 04 
Workman 6 222 . 7  205 - 239 1 40 . 0  1 1 0 - 1 66 
Berg #2 1 1 69 . 0  1 69 55 . 0  55 
Chr i s tensen 3 1 84 . 7  1 74 - 1 94 70 .0  5 1  - 81  
Jensen 6 1 87 . 8  1 73 - 1 98 68. 7  54 - 86 
Moore 6 2 1 1 . 0 1 87 - 228 1 06 . 3  74 - 1 34 
Harvei 0 Kurtz 
Matson 3 1 83 . 3  1 68 - 1 87 83 . 3  62 - 1 00 
Ba i n  4 220. 0  2 1 2  - 230 1 47 .0  1 36 - 1 70 
Hers rud # 1  6 20 1 . 0  1 97 - 205 1 00 . 8  95 - 1 09 
Hers rud #2 6 1 89 . 7  1 84 - 200 68 .0  6 1  - 76 
717 Sutton c 6 1 76 . 3  1 56 - 1 94 55 . 5  39 - 70 B ruemmer 
Berg # 1  0 
S tarkenburg 4 1 60 . 5  1 49 - 1 72 40 . 3  32 - 55 
S terudc c 
Gu l l i ckson 
Apl and 0 
Workman 6 230 . 3  2 1 8  - 238 1 58 . 5  1 37 - 1 73 
Berg #2 0 
Ch r i s  tens en 0 
Jensen 0 
Hoorec 
Harvey 0 
Kurtz 0 
Matson I 228. 0  228 1 23 . 0  1 23 
Ba i n  1 22 1 . 0 22 1 1 43 . 0  1 43 
Hers rud # 1  4 209 . 0  1 99 - 2 1 3 1 1 6 . 0  1 02 - 1 28 
Hers rud #2 6 1 80 . 0  1 67 - 1 89 74 . o  60 - 84 
aCon tam i nat ion by other . f i shes . 
No sampl e  taken due to area f l ooded . 
cNo samp le  taken due to temperature s tress . 
67 
Appendix 4. Rainbow trout (Salmo gairdneri) harvest data from dugouts,  
October 10-11 , 1980. 
Dugout No. 
Sutton 19 
Bruenmer 0 
Berg #la 0 
Starkenburg 0 
Sterud 0 
Gul lickson 1 
Apland 0 .  
a Workman 4 
Berg #2 0 
Christensen 0 
a Jensen 0 
Moore 0 
Harvey 0 
Kurtz 0 
Matson 1 
Bain 0 
Hersrud #1 0 
Hersrud #2 
Svennes 2 
Olesen 0 
Nissen 12  
a 
Ro tenoned dugouts • 
b Extra dugouts • 
x length Leng th range � weight Weight range 
197.3 162-235 87.3 55-142 
195.0 195 71.0  71 
276. 8 250-289 217.5 180-245 
274. o 274 272 272 
204.5 197-212 95.5 87-104 
263.2 246-287 209.7 174-260 
Appendix 5. Hach chemi cal-physi cal 
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7 , 2  1 0 . 2  
1 2 . 0  1 5 , 2  
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2lt0 380 
1 6  8 
8 .0 1  8 .0 1  
of rainbow trout (Salmo gat rdner l )  dugouts , 1980 . 
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1 0 . 2  1 2 . 0  8 . 0  9 . 8  9 . 0  7 . 8  lt . 8  1 1 . 2 6 . 8  1 0 . lt  9 . 2  I I  . Ii  
I lt . o  1 3 , 0  1 1 . 0 I ii .  0 1 3 .0 l lt .  0 1 3. 0  1 2 . 0  1 i. . 8  1 3 .0 1 2 . 0  1 2 . 0  
0 0 0 0 0 0 0 0 0 60 0 lto 
230 290 1 00 1 80 2 1 0 220 370 250 220 1 50 1 20 1 00 
250 620 320 lt50 5 1 0  280 lt60 920 2 1 0  1 90 160 1 30 
8 ,. 1 2  8 1 6  1 6  2 4  1 6  1 6  0 1 2  0 
°' 
8. 2lt 8.2lt  7.6 .. 8 . 2lt 8 . 0 1  8 .0 1  7 ,8 1  8 . 2 .. 7 . 8 1 8 . 82 8.24 9 ,  1 7  CD 
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Hardness 
(Caco
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co2 (mg/ I ) 
pH 
'-
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c e 
0 ii ... ... :, 
:, '-"' ID 
3 ,  I Z .  I 
1. 2 ) . 8  
7 .8  6 . 8  
6. 2 5 , 2  
2 1 . 2  25 . 3  
1 5 . 8  1 9 . 2  
1 5 , 9  1 8. 1 
0 0 
0 0 
0 0 
1 1 1  309 
90 JO I 
1 87 3 1 2  
0 0 
50 1 50 
70 1 70 
4 4 
7 , 35 8 . 24 
-.... 
en '-
u 
i:Q 
2 . 3  
8. 2 
6 . 4  
1 . 6 
28 .0  
2 1 . 6  
1 9 , 0  
0 
0 
0 
626 
637 
655 
0 
200 
260 
8 
8 . 0 1  
u, 
L. c 
:, 0 
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c .x c 
QJ 'U u -0 Ill .x :, c Jz '- '- <II 
<II QJ .. ... ... :, 0. · o  
VI .,, CJ <( � 
J . 4  2 . 0  J , 5  J . 4  2 . 8  
10. 4 8 . 6  5 .  4 7 . 2  1 0 . 2  
5 , 6  7 . 8  4 .  4 4 . 8  8. 8 
0 J . 8  0 2 . 6  7 . 6  
26 .0  2 4 . 8  2 1 . 0 20 . J  20. 5 
1 9. 6  22 . 5  1 8. 8  1 8 . 5  20 . 5  
1 5 , 0  1 7 , 2  1 4 . 2  1 6 . 5  20. 5  
0 0 0 0 . 2  
0 0 0 0 . 2  
0 0 0 0 . 2  
4 1 9  473 4 1 5  262 970 
440 1180 '• 74 257 970 
464 673 570 279 970 
40 0 0 0 60 
70 1 90 1 1 0 1 1 0 80 
2 1 0  265 2 1 0  1 30 470 
0 1 2  6 1 2  ,, 
9. 1 7  8. 01 8. 24 J. 64 8. 5 1  
c 
QJ N "' "" .... 
c 
N QJ 'U 'U ,., .. ... c >- c :, :, 
Ill " u QJ N 0 ... L. en Ill .. > ... "' c Ill .... .. I.. c 0 '- '- ... .. '-
u J:! QJ 0 <II :, <II ca u QJ 
ID u -, :c :::c :.Ii: :c ID ::c :::c 
2 . 8  2 . 8  1 . 9 2 . 2  2 . 2  ---d 2 . 7  3 , 5  2 . 4  2 , 2  
8. 8 7 , 2  8 .0  1 1 . 6 5 . 2  7 . 6  7 .6 1 0 . 2  7 . 8  
5 . 4 ,  ]. 8  8.2  I J . 8  I .  4 5 . 6  6 . 6  9 . 4  6 . 2  
J . 8  6 . 2  7 . 4 . 2 . 4  0 2 . 2  0 2 . 8  4 . 8  
26. 0  23 .0  2 1 . 2 2 7 . 5  28. J 2 1 . 2 20.9 27.  4 24 . 0  
20. 7  1 9 , 7  1 9 . 8  22 . 0  22 . 2  20. 2  20. 5  20 . J  1 9 . 8  
1 8 . 4  1 9 . 0  1 8. 7 1 6 . 2  1 7 , 6  1 4 .9 1 5 , 0  1 9 . 5  1 8 .9  
0 0 . I 0 . 5  0 0 0 0 
0 0 • I 0 , 5  0 0 0 0 
0 0 . I 0 , 7  0 0 0 0 
7 1 3  345 1025  336 1637 330 1 85 355 244 
730 340 1 023 J48 1637 JJO 186 362 243 
736 39 1 1 0 1 9  708 1 794 403 293 364 248 
0 0 0 70 0 20 0 10 0 
1 30 1 30 200 70 270 1 1 0 100 1 40 1 25 '  
3 1 0  1 80 470 190 370 1 40 90 1 85 1 35 
8 1 2  1 6  0 24 0 8 '• 8 
a-
ID 
8 . 24  7 . 6 1  8 .0 1  8. 5 1  7 . 8 1  8 . 5 1  8 . 0 1  8 . 24 7 .8 1  
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577 
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6 . 0  s. ti 6 . 6  2 . 2  8 .6  
0 7 . 6  0 . 8  6 .4  
24 .9  31t . 2  26, 5 23 . 1 29 . 2  
20 . 2  24 . 8  20. 8  22 . 9  2 5 .0  
1 7 , 0  2 3 , 6  1 3 . 2  2 1 .  7 23 . 9  
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
382 485 461 3 1 8  865 
409 480 523 3 1 7 890 
41tO 6 1 2  7 1 7  3lt2 908 
60 ,,o 60 0 60 
1 1 0 l ltO 30 l ltO 1 30 
1 90 240 2 1 0  1 40 litio 
0 0 0 8 0 
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2 . 8  2 . 8  2 . 0  2 , 3 J . 6  2 . 6  3 . 4  2 , 5  2 , 3  
7 . 0 4 . 8  s . 4  1 8.0  9 . lt  9 ,6  1 2 . 8  7 .6  s . 6  
6 . lt  ' 3 , 0  " . "  1 3 .  Ii 2 . 8  7 .2  2 . 8  8 , 2  2 . 2  
1 . 2 I .  8 2 . 8  6 . li  .6  4 . o  0 3 . lt I • Ii 
26. 8  24 . 8  2li . 7  26 .5  28. 1 27 . 5  28. 5 32 . I 26 . 9  
23 . 0  2 lt .  I 2li , 7  22 . 7  1 9 , 9  2li . I 2 1 . 8  24 , 7  24 ,9 
20.0 23 . 8  21t .o  1 6 . 2  1 6 . 0  1 7 ,9  1 5 .9  20 .6  24 . 9  
0 0 . I 0 0 0 0 0 0 
0 0 . I 0 0 0 0 0 0 
0 0 • 1 0 0 0 0 0 0 
682 326 990 293 43 1  323 1 97 376 269 
7 1 7  327 960 388 lt52 339 239 380 272 
759 408 1 06 1  732 480 633 395 4lt7 276 
0 0 0 80 tio 80 80 20 0 
1 30 1 90 190 20 70 60 30 1 1 0 190 
340 1 70 500 1 60 240 1 50 1 00 190 1 20 
8 8 16  0 0 0 0 0 0 
....... 
8 . 2 lt  7 , 48 8 . 2li 9 . 1 7  --- 8 . 5 1  8, 5 1  8 .0 1  0 9 , 1 7  9 , 1 7  
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2 . 1 
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5 ,6  
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5 .6  5 ,6  7 . 2  5 , 0  9 . 6  
. 6  2 . 4  0 3 , 8  8 .2  
27. 8 23 . 2  25 . 2  25. I 26. 8 
20. 3 22 .0  22 .9  2 1 .  3 2 1 . 9  
1 9 . 8  2 1 .  8 1 ... 0 2 1 .  I 2 1 .  I 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
308 39 1 '430 362 902 
33r, 43 1  r,37 366 888 
3118 'i73 938 396 927 
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7 , 2  9 . r, 1 1 . 4 1 4 .  2 11 , 0  6 . 2  1 0 . 4  1 2 . 6  7 .0  4 .0  
7 , li t,. 4 8 . 2  1 3 . 8  'i , 2  5 . 8  1 2 . 0  9 . 8  7 , 2  .. .  2 
7 . 2  4 .  8 6 .o  0 ti .o 5 .8  1 0. 'i  8 . 2  6 . 0  3 , 2  
25 . 2  27 . 3 28. 1 26. 0  20. 6  2 2 . I 28.0 27, 3  2 3 . 1 23 . ..  
22 . 2  20 . 2  22 . I 22. I 20 . 6  20.9 23 , 3 2 1 .0 22 .9  22 . 5  
22 . 0  1 9 , 3  2 1 . 5 1 7 , 3  20.6 20. 6 2 1 . 9 20 . 1  2 1 . 5 2 1 . 8  
0 0 • I 0 . I 0 0 0 0 0 
0 0 • I 0 • I 0 0 0 0 0 
0 0 • I 0 • I 0 0 0 0 0 
7 1 0  1 95 902 320 992 1+88 3 1 6  259 423 3 1 5  
728 1 99 952 Jlio 992 6 1 0  33 1  27 1  4 1 9  3 1 1  
710 269 963 720 1 1 1 2 632 365 299 4'i 5 361i 
0 20 20 60 0 0 80 60 0 0 
1 30 80 11io 100 270 1 30 80 1 00 1 90 1 60 
360 l l O ,.60 160 320 260 1 70 l liO 2 10 1 50 
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......, 
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3 ,  4 7 .8  
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0 0 
0 0 
0 0 
653 333 
696 336 
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0 0 
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I .  7 2 .9 2 . 8  2 . 4 2 . 7  2 , 7  I .  7 1 . 9 1 . 9 3 ,2 2 . 2  2 .9 2 . 2  2 .0 
1 2 . 0  6 .0  7 , 6  8 .8  10 .  4 9 ,0  7.  It 2 1 . 2 ,. • 8 6 . 2  7 ,6  3 . 6  8 . 8  6 . 8  
5 . 2  5 , 8  7 , 8  8 . 8  7 , 6  8.6 7 , 2  1 7. It J , 0 5 , 0  8 .o 3 , 0  7 , 6  6 . 2  
2 . 6 4 .  4 8 .o  8 . 8  7 , 2  9 , 0  7 , 2 7. .  6 1 . 2 5 , 8  8 . 2  3 , ,.  5 . 6  4 .6 
24 . 9  2 1 .  7 1 7 ,6 23,  I 22 . ,  1 9 , 5  1 9 . 0  21t .o  22 . 3  22 . 3  2 1 . 5 1 7 , 8  21t .2  26 .2  
2 1 . J  2 1 . 3  1 7, 7  23 .0  2 1 . 8 1 8 .8  1 8. 5  20.0 2 1 .  I 2 1 . 2 2 1 . 5 1 7 . 7  2 1 .  I 22 .0  
2 1 . 0 1 5 , 0  1 7 , 8  2 1 . 2 2 1 .6  1 8 . 1 1 8 . 3  1 2 .9 20 .6  20 . 3  1 9 ,9 1 7, 7  20 . 8  2 1 .  I 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
357 li60 396 926 7 1 7  295 87li 3 1 5  1 1 02 546 309 357 4 1 9  29 1 
382 li74 lt03 926 738 29 1 871t 336 1090 556 3 1 1  36 1 533 29 1 
399 91t7 403 9lt8 738 JO I  909 5Jli 1 1 66 56 1 420 4 1 2  549 335 
50 0 0 40 20 0 0 80 0 0 80 0 0 0 
1 20 1 40 1 85 80 1 1 0 1 50 160 60 3 1 0 1 70 70 2 1 0 1 90 160 
1 90 260 2 1 0  500 350 1 80 lt60 1 75 360 320 1 70 1 80 220 1 30 
0 1 6  1 6  0 0 22 22 0 Zit 1 2  0 20 ,. 8 
....... 
8. 2li 7 . 8 1  8 .0 1 8 . 5 1  8. 24 8 .0 1  8 .0 1  8. 5 1  7 . 8 1  8 .0 1  9 . 1 7  7 ,64 7 . 8 1  7 , 8 1  
...., 
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1 8. 8  1 9 . 1 
1 9 . 0  1 9 . 1 
1 5 . 8  1 9 .  7 
0 0 
0 0 
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2 1 6  372 
220 372 
400 388 
20 0 
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l ltO 2 1 0  
0 8 
8. 24 7 , 8 1  
-.... 
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2 .  I 
5 . 6  
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1 9 , 2  
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Q) "O u "O Ill .... 
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3 , 7  I .  7 2 .9 2 .9 2 .5 2 , 7  
5 , 2  1 6 . lt  6 . 6  5 , 8  It .  8 5 , 2  
5 . 0  1 . 2  6 .0 lt . 8  4 .6  5 . 0  
2 .6 2 . 4  0 5 . 8  lt . 6  5 . 0  
1 9 .  I 25 . 9  2 1 . 4 1 9 .0 1 9 , 3  1 8 . 8  
1 8. 9  1 9 , 2  22 . 0  1 9 , 3  1 9 , 8  1 9 . 0  
1 8. 0  1 7,9  1 5 . 8  1 9 . 2  1 9 . 8  1 8 . 9  
. 2  0 0 0 0 0 
. 2  0 0 0 0 0 
. 2  0 0 0 0 0 
360 335 lt87 lt22 930 7 1 7  
36 1  389 482 lt27 9 1 3  739 
380 45 1 732 43 1 9 1 3 784 
20 80 0 0 0 0 
1 30 70 1 40 200 1 60 1 1 0 
1 80 1 80 260 220 5 1 0  3 1 0  
0 0 8 8 10  ,. 
8 . 24 9 . 1 7  7 , 8 1  7 , 8 1  7 , 8 1  8 . 0 1  
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UI 
c 
Q) ... c >-
UI Q) G) Q) N 
UI ... > ... ... c 0 ... ... 
J: G) 0 IQ :::, u -, :c :c :it: 
2 .6 1 . 7 1 .9 1 .9 3 , 1 
,. . ,. 5 , 2  7 , 2  1 0 . 2  6 . 2  
lt . O  ,. . 6  5 .2 2 . 8  6 . 0  
3 , 6  lt.o 2 . 2  1 .6 6 . 2  
1 9 . 4  1 9 . 1 2 I .  I 26 . lt  1 9 , 5  
1 9 . 1 1 9 . 2  20. 8  23 . 2  1 9 , 7  
1 5 ,9 1 9 . 0  1 7 . 8  20. 3 1 9 , 5  
0 0 0 , I 0 
0 0 0 . I  0 
0 0 0 . I  0 
36 1  8 1 8  259 1 1 1 9 539 
361t 829 293 1 1 1 3 539 
39 1 871t 5ltJ  1 1 77 550 
0 0 60 0 0 
160 1 60 50 320 1 70 
220 ltlto 1 40 380 320 
4 8 0 8 4 
7 , 6lt 8.2li 9,  1 7  8 .0 1  8 . 0 1  
c 
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UI c ... -
IQ IQ :c ID 
2 . 2  2 . 8  
1 2 .0 ,. . 6  
1 0 . 2  ,. . ,. 
3 , 2  ,. • 2 
28.0 1 8 ,9  
22 . 1 1 9 . 2  
1 9 .0 1 9 .  I 
0 0 
0 0 
0 0 
303 383 
307 389 
4 1 7 It I 3· 
1 00 0 
Ito 220 
1 60 190 
0 8 
9 ,  1 7  7 , 8 1  
.... 
:::, ... 
UI ... 
QJ :c 
2 . 2  
6 . 2  
6 . 2  
6 . o  
2 1 . 8 
2 2 . 0  
2 1 . 5 
0 
0 
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399 
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4 1 9  
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1 90 
2 1 0  
1 0  
8 .0 1 
- · · -- -- - ·-·· - ---
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8. 24 8 . 24 
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3 . 8  5 . 8  
1 8 .9 1 8 . 5 
1 8 . 7  1 8 . 2  
1 7 ,9 1 8. 0  
0 0 
0 0 
0 0 
795 4 1 0  
784 427 
805 437 
0 20 
1 45 80 
3 1 0  1 70 
8 0 
8 . 21t 8 . 5 1  
c 
0 "' 
.:il c N 
-0 u -0 ID .... 
:, c � ... ID DI 
01 - ... ... .... ::, Q. 0 Ill 
U'I r..!J < ::,: IID 
1 . 5 2 . 8  2 . 7  2 .li 2 .5 
I Ii .  2 9 . 5  6 . 2  2 .0 7 , lt  
Ii .  2 5 . 8  5 . 8  I • j; 1 . 2  
li . 2  0 5 .8 1 . 6 1 .0 
20 . 8  22 .0 1 8.0 1 8 . 0  1 8 . 9  
1 8 .6 20 . 1  1 8.0 1 8. 1 1 8 .9 
18. It 1 7, It 1 8 .0 1 8 . 1  1 8 .9 
0 0 . 5  . 7  . I 
0 0 . 5  . 7  . I 
0 0 , 5  , 7  . I 
352 578 1 587 192 1  9lt8 
395 583 1 507 1921  896 
437 909 1 587 1 92 1  907 
60 0 0 0 0 
80 160 200 2 1 5  1 35 
1 80 260 230 540 380 
0 It 1 2  1 2  1 0  
9 ,  1 7  8. 24 8 . 0 1  7 .8 1  8 . 2 ,, 
c 
QI N "' q1; .... 
c .. -0 -0 ... c >, c ::, ::, "' QI QI u N 0 L L "' .... > ... Ill c Ill "' 
L c 8 ... ... ... L ... .c QI ID :, ID Ill u QI ..., -, ::c ::c � ::c ID ::c :c 
2 . Ii  1 .6 1 . 8 1 . 7 3 .0 2 .0 2 . 7  2 .0 1 .8 
6 . 2 8 .li  2 1 . 2  lt . 6  7 . 2  1 3 .0 5 . 2  6 .6 7 .8  
. 5 .8  7 .2  1 7 . 8  ,, . 2  6 . 8  9 .8 li . 8  6 .6 ] . It 
5 . 8  5 ,6 ,, ·" 3 , 2  5 , 8  0 lt . 2  6 · "  7 . 2  
1 8 . 1 1 8 . 7  22 .0  1 9 . 6  1 8 . 6  22 .0  1 7 ,9  20 , 5  20.8 
1 8 . 3  1 8 . 4  1 8 . 8  1 9 , 0  1 8. 7  1 9 ,0 1 7. 9  20 .0 1 9 . 2  
1 8. 4  1 8 . 2  1 7 .9 1 8 . 3  1 8 . 2  1 8 . 2  1 7 ,9  1 9 . 2  1 8 . 8  
. 8  0 0 . 5  0 . I 0 0 0 
. 8  0 0 . 5  0 . I  0 0 0 
. 8  0 0 , 5  0 . 2  . I 0 0 
1 898 1 030 3lt0 , ,.as 627 909 932 687 353 
1 874 1 058 ,,32 1 456 728 907 932 660 358 
19,,,, 1 1 1 6 4,, 3 1 5 1 8  840 1 035 l OZlt 706 426 
0 0 1 20 0 0 1 1 0 0 0 0 
1 70 1 70 0 330 1 80 55 205 200 1 60 
220 470 160 ,,00 300 1 50 I SO  220 1 45 
1 0  10 0 20 6 0 6 1 0  8 
....... 
8.0 1  a .zit 9. 1 7  8 .0 1  a . zit 9. 1 7  a .zit 8 .0 1 
� 
8 . 24 
• •rr--· ·- · ""' _, .  "''""· · ... . . . "''-""'. 
Date 
1 0/J-4 Dep th 
(m) 
c .-.  S a GI -°'' 
H
b 
>- a, 
,c E 
B
C o �  
. s Q..-. 
�� H t- ....... 8 
>-.... __ s ·c g H ,_ , - o  B 111 �  
u, · --
-g 5 s o ,  
u Ill H 
0 
B • .c 
a. E 
VI ._3 
.>l o
"" co3 - u  HCO < � 3 
Hardness 
(CaC03) 
co2 (mg/ 1 )  
pH 
a 
b 
S u r face , 
H l dwate r .  
c Bottom, 
d Area flooded . 
c 
0 ... ... 
:::, 
u, 
2 . 0  
7. 4 
1 .0  
6. 8 
8 . 0  
8 . 2  
8 . 7  
0 
0 
0 
696 
7 1 1  
733 
0 
1 50 
160 
1 2  
8 .0 1  
e Turb id  I ty I nterference .  
L, 
Q) 
I c 
ID 
2 , 7  
8 . 8  
8 .6  
8 .6  
!L I 
9 . 1  
9 . 0  
0 
0 
0 
846 
846 
860 
0 
190 
2 1Q 
1 6  
8 .0 1  
0, 
L, 
:::, 
..0 
c .... Q) 
..:,/, 
a, L, 
L, Ill 
Q) ... 
ID u, 
I ,  8 3 . 0  
8 .2  1 5 . 6  
8 . 0  9 . 6  
7 . 6  7 . 8  
9 . 2  16 . 1  
9 . 2  1 0 . 3  
9 , 3  1 0 . 0  
, 5  . I  
, 5 • I 
, 5  • I 
1 593 1 056 
1 5 5 1  1 2 1 4  
1 55 1  1 242 
0 60 
1 55 1 00 
350 190 
10 0 
7 ,8 1  8 . 5 1  
c 
0 
Ill -" c N 
',:, u ',:, Ill .... 
:::, c ..2 L, Ill C) 
Q) L, L, ... :, a. � Q) u, Cl < ID 
1 . 2 2 . 6 2 , 5  2 , 2  2 . 4  
8 .0  9 . 2  1 0 . 2  6 . 6  8 . 6  
7 . 5  8 . 4  1 0 . 2  6 . 2  8. 2 
1 .0 7 . 6  9 . 2  6 . 0  7 . 8  
9 . 2  1 2 .0 I I ,  I 8 . 1  9 . 2  
9 .0 1 1 . 2 9 , 7  8.9 9 , 6 
9 . 1  1 1 .0 9 . 1 8 . 8  9 .6  
0 0 • I . , 2  . I 
0 0 . I . 2  . ,  
0 0 • I . 2  • I 
439 607 952 1 29 1  1 00 1  
457 626 952 1 255 980 
603 694 987 1 24 1  966 
0 0 0 0 0 
1 90 1 80 220 230 1 40 
220 290 240 6 10  340 
1 2  16  16  1 6  20 
8 . 24 8 .0 1  8 .24  8 . 0 1  8 .24 
· -- - - -----
c 
Q) - N 
Ill "" "" c 
Q) ',:, ',:, ... c >- c c :::, Ill Q) Q) Q) N 0 I,. - Ill ... > ... Ill c Ill Ill 
L, c 
i 
I,. I,. ... I., I., .c Q) Ill J Ill Ill Q) Ill u -, :I: :c ID :I: :I: 
2 . 2  1 . 4 1 .6 1 . 5  2 ,9 1 ,9 2 .6 1 . 8 1 . 6 
8. 6 1 0 .6  8 . 6  7 , 2  8. 8 8 . 8  8 .2  1 0 .0 9 ,8 
8 .4  9 , 8  8 . 2  7 ,0  8.6 7 .8  7 , 6  8 . 8  9 , 6  
8 .0  7 , 4  7 . 2  6 . 6  8.2  7 ,4  6 . 8  8 . 2  8 .8  
1 4 , 5  1 4 . 8  I I  . 4  8 .8  8 . 1  1 0 . 2  I D .  I 1 0 . 4  I I .  I 
9 , 7  10 .0  1 0 . 9 8 . 8  8 . 3  1 0 .0 9 ,  I I D .  I 1 0 . 2 
9 ,  I 9 , 9  1 0 . 7  8 .9 8 . 5  9 , 9 8 .9 9 . 8 9 .8 
0 .6 0 , 5  , 3  0 0 0 0 
0 .6  0 .5  , 3  0 0 0 0 
0 . 6  0 , 5  . J 0 0 0 0 
566 1 587 336 1 1181 1 320 395 469 5 1 3  390 
566 1 6 1 5  336 1 466 1 305 395 479 5 1 3  395 
649 1 7 1 1 392 1 466 1 297 400 496 55 1  425 
0 0 60 0 0 40 0 0 0 
2 1 0  1 80 8o 330 1 80 1 10 220 220 200 
270 520 1 70 li40 360 1 70 200 240 180 
1 2  1 4  0 6 1 4  0 1 8  1 0  1 2  
8 . 21t 8 .24  8 . 5 1  7 , 8 1  8 .0 1  8 . 5 1  8 . 24  8 . 24 8 .0 1  
V1 
Append ix 6. 
-
Date Dugout 
7/20/80 
Kurtz 
Oppelt 
- - - --- - - - � -- · -- --· · ---·· -- --· - -·------- --·--·- --
Oxygen , temperature , sal lnl ty, and spec i f i c  conduc tance prof l les of Ku rtz and Oppelt 
dugouts , July J 980 to July 198 1. 
Depth D i ssolved o2 {mg/1) 
Stat i on :  1 2 3 
s 
a ·  7 .4  7 .  I 7 .3  
0.5 6.9 6.8 7 . 1 
1 . 0  7.3 6.8 
1.5 7.1  6 .9  
2 . 0  7.1 
2.5 6.8 
3.0 6.3 
3. 5 
s 4.0  4.2 4 .2 
0.5 3.5 4.0 4.0 
1.0 3.8 3.8 
, • 5 3.3 
2.0 3.0 
2.5 
22 . 1  
22 .3 
22.3 
22.3 
22 .3 
22.1  
22.0 
Temperature 
(OC) 
2 3 
22.1 22.1  
22 .3 22.1  
22 . 3 
22.3 b 22.1(  1. 7) 
2 1.1 (3.4) 
22.2 22. l 22 .2 
22 . 0  22.1  22.2 
22 . 0  22 . 0  
2 1 . 8  21.9( 1.2) 
2 1 .8 
2 1 . 5 (2.5) 
Sal I nf ty Sp . Cond. 
(O/oo) (JJmhos I cm) 
1 2 3 
0 653 653 653 o 653 653 653 
0 653 653 
0 653 653 
0 653 653( I .  7) 
0 663 
0 7 17 
0 (3.4) 807(3.4) 
0 346 345 348 
0 341 347 353 
0 345 346 
0 342 396( 1.2) 
0 342 
0(2.5) 371 (2.5) 
Append i x  6 .  Con t i nued . 
Date Dugout Depth D i sso l ved 02 
(m9/I )  
S ta t i on :  1 2 3 
8/.1 2/80 S a 8 .4  8 .4  8 .5 
0 . 5  8 .4  8 .5  8 .6  
1 .0 8 .3  8 . 5  
Kurtz 1 . 5 8 .4  8 .3  
2 .0  8 .3  
2 .5  8 .3  
3 .0  8 . 1 
3. 5 
s 1 2 . 5 13 .8  1 2 . 7  
0 . 5  1 2 . 1 1 3.7 13.3 
Oppe l t 1 .0 1 o .  I 8 .2  
1 .  5 6 . 8  
2 . 0  1 . 2 
2. 5 
8/24/80 s 8 .0  8 . 2  8 . 1 
o . s  7 . 9  7 . 9  8 .0  
1 . 0 8 .0  8 . 1 
Kurtz 1 . 5 8. 1 7 . 9  
2. 0 7 . 9  
2. 5 7 .9  
3 .0  7 . 9  
3 . 5  
s 8.3  8 .5  8 .5  
0 . 5  8 .2  8. 5 8 .7  
Oppel t 1 . 0 8 . 9  8 . t 
1 .  5 8 . 5 
2 . 0  5 . 0  
2.5 
22. 0  
21 . 9  
21 . 9  
21 . 8 
21 . 8  
21 . 8  
21 . 7 
Tempe ratu re 
{OC) 
2 3 
2 1 . 9  2 1 . 9  
21 . 9  21 . 9  
21 . 9  b 21 . 8 ( 1 . 5) 
2 1 . 5 (3. 1 )  
24 .o 22. 8  23. 1 
2 1 . 9  21 . 5  22. 8  
2 1 . 2  21 . 2  
20 . 6  20 . 9 ( 1 . 1 )  
1 9 .4 
1 8 . 9 (2 .3) 
21 . 5 2 1 . 3 21 .3 
21 . 3  21 .3  21 . 2  
2 1 . 2  21 . 2  
21 . 2 21 . 2  
21 • 1 21 . 1 ( 1 . 6) 
2 1 . 1  
2 1 . 1  
21 . 0(3 .2) 
23. 7  23. 5 23.5  
22. 9  23.0 23.0  
2 1 . 9  22. 0  
20 . 9  2 1 . 0 ( 1 . 1 ) 
1 9 .  I 
1 8 . 6 (2.3) 
· - - - ----- --
S a l  t n l  ty Sp . Cond . 
{O/oo) _ (.umhos/cm) 
1 1 2 3 
0 663 674 685 
0 663 674 685 
0 663 674 
0 674 706 ( I .5) 
0 674 
0 674 
0 7 1 7  
0 (3. 1 )  7 1 7 (3 . 1 )  
0 299 300 306 
0 302 302 304 
0 314 3 17  
0 335 339 ( I • 1 )  
0 384 
0 (2 .3) 454(2.3) 
0 653 654 655 
0 665 654 654 
0 654 654 
0 654 654 
0 654 654( 1 . 6) 
0 654 
0 654 
0 (3 .2) 665 (3 .2) 
0 266 267 27 1 
0 268 267 274 
0 273 276 
0 286 300( 1 . 1 ) 
0 31 1  ....... ....... 
0 (2 .3) 366(2.3) 
Append ix 6 .  Continued. 
Date Dugout Depth Dissolved 02 
{mfl/1) 
S tat i on :  2 3 
a 
9.6 9/7/80 s 9.0 9.0 
0.5 9.4 9.2 9.3 
1 .0 9.2 10.2 
Kurtz 1 .5 9.7 9.8 
2.0 9.4 
2.5 9.0 
3.0 8.1 
3.5 
s 9.3 9.1 9. I 
0.5 9.7 9.9 9.6 
Oppel t 1 . 0 9.5 9 . 2 
1. 5 8.4 
2.0 5.4 
2.s 
9/2 1/80 s 9.7 9.6 9. It 
o .s 9.3 9.5 9.6 
1.0 9.4 9.5 
Kurtz 1.5 9.6 9. It 
2.0 9.4 
2.5 9.3 
3.0 9.2 
3 . 5  
s 8.4 8.3 8.4 
o .s  8.1 8.3 8.3 
Oppel t 1.0 8.2 7. 9 
1.s 8.0 
2 . 0 7.6 
2 .s 
Temperature 
22.3 
22.3 
22.0 
2 1. 7 
20.2 
20.0 
19.0 
�OC) 
2 3 
22.2 22.2 
22.2 22.2 
2 1.5 
20.9 b 20.9 ( 1.6) 
18.9 ( 3.2) 
25.0 25.0 25.0 
23. 1 22.9 23. 1 
2 1 . 0  20 . 7  
19.6 20.1 ( 1. 1) 
19.0 
18.9 (2.2) 
l it  .o I It .o 14.o 
1 lt. I 14. 1 14.o 
1 lt. I 14. 1 
14. 1 14. I 
14.0 14.2 ( 1.6) 
14.o 
14.o 
14.2 (3. 1) 
15.3 14.9 15. 1 
14.9 I It. 8 15.0 
14.o 14.4 ( 1.0) 
13.8 
13.8 (2.1} 
Salinity Sp . Cond. 
(O/oo) (..umhos/cm) 
I 1 2 3 
0 663 674 674 
0 663 674 674 
0 642 653 
0 63 1 654 
0 643 6lt3 ( 1.6) 
0 660 
0 (3.2) 694 
762 (3.2) 
0 293 298 296 
0 295 296 307 
0 295 295 
0 300 3 18( 1. 1} 
0 3 18 
0(2.2) 372(2.2) 
0 888 888 888 
0 888 888 888 
0 888 888 
0 888 888 
0 888 900( 1.6) 
0 888 
0 900 
0(3.1) 900(3.1) 
0 1144 1 1 19 1107 
0 1144 1107 1107 
0 1163 1150 ( 1.0) 
0 1163 
0(2. 1) 1200(2. I )  
Append i x  6 .  Con t i nued . 
Date Dugout De pth D i sso l ved 02 
(m9/l )  
S ta t f  on: 1 2 3 
10/6/80 S
a 
1 0.2  1 0. 4  10. 3 
0 . 5 1 0. 4  1 0.4 10. 6 
1 . 0  10. 3 1 0. 6  
Kurtz 1 . 5  10. 6  10. 6 
2.0 1 0. 5  
2.5 1 0.3  
3 . 0  
3 . 5 
s 9. 8 9. 6 9.6 
o. s 9.8 9.8 9.9 
Oppel t 1 . 0  9.5 8.7 
I .  5 8. 5 
2 .0 
2.5 
. 1 0/20/80 s 1 1 . 3  1 1 .6  12.0 
0.5 1 1.4 I 1 . 6  1 1 . 7 
1 . 0  1 1 . 5 11.6 
Kurtz I .  5 1 1. 7 1 1 .6  
2. 0 1 1 . 7 
2 . 5  1 2. 5  
3 . 0  
3.5 
s 1 0. 8  1 0. 8  10.7 
o . s 1 0. B  1 0. 8  1 0. 8  
Oppel t 1. 0 1 0. 6  
1 . 5  10. 2 
2 . 0  
2 .5  
1 6. 1  
1 3. 5  
1 2. 0  
1 1 .  0 
10. 8 
10.5 
Temperature {OC) 
2 3 
1 5. I 15.2 
1 3. 2 1 3. 6  
12. 1 
10.9 b 10. 5 (  1.6) 
10.4(2. 9) 
14. 0 1 5. 1 1 5.2  
11. 0  1 1 . 6  1 1 . 7 
9. 5 9. 2(.9) 
9. 0 
9. 1 ( 1 .9) 
8. 1 7.8 7.8 
6. 8 7.0 1.2 
6. 8 6. 6 
6. 0 6.0( 1 . 5) 
5.9 
5. 9  
6.9(3.0) 
8. 6 7.9 8.o 
8. 0 7.8 7.9 
7.2 7. 5 (  . 9) 
6. 1 
6.o (l. 8) 
Sal l n i  ty 
(O/oo) 
I 
0 
0 
0 
0 
0 
0 
0 (2.9) 
0 
0 
0 
0 
0 (  1.9) 
.2 
.2 
.2 
. 2  
. 2  
. 2  
.2(3. 0) 
0 
0 
0 
0 
0 (  1 . 8) 
1 
792 
763 
779 
802 
802 
802 
· - - -· - - -- -- -- --
Sp . Cond.  
(..t1mhos/cm) 
2 3 
775 787 
781 788 
792 
802 
8 1 6 ( 1 .6)  
828 (2.9) 
738 443 406 
544 409 409 
442 423(.9) 
423 
494 ( 1 .9) 
71 1 7 1 1 7 1 1 
720 735 735 
720 720 
739 739( 1 .5) 
739 
739 
8 10 (3 .0) 
340 352 360 
349 352 355 
357 358(  .9) 
367 
380 ( 1 .8) 
....., 
. \D 
Append i x  6 .  Con t i nued . 
Date Dugout Depth D i sso l ved 02 
(m�/1 )  
S ta t i on:  2 3 
1 1  /3/80 Sa 1 2. 3 1 2. 3 1 2. 3  
0. 5 1 2. 3  1 2. 3  1 2. 5 
1 . 0  1 2.4  1 2.4  
Kurtz 1 . 5  1 2. 5 1 2.3  
2. 0 1 2. 5 
2. 5 1 2. 3 
3.0 
3 . 5  
s 1 1. O ·1 1 • 1 1 0. 9  
0. 5 1 1 . 0  1 1 . 0  1 1 . 1 
Oppel t 1 . 0  1 1  • 1 1 0.9  
1 .  5 1 1 . 0  
2 .0  
2.5 
1 1 /23/80 s 1 3. 0  I CE 
0 . 5  1 2. 9  1 3. 1 
1 . 0  1 3. 0  1 3  . 1  
Ku rtz 1 . 5 1 3. 2  
2. 0 1 3. I 
2.5 1 3. 1  
3. 0 
3.5 
s 1 2. 8  I CE 
0. 5 1 2. 8  1 2. 9  
Oppel t 1 . 0  1 2. 6  1 2. 9  
1 . 5 1 2. 6  
2.0  
2.5 
Temperature 
(OC) 
2 3 
· 1. 0  6.9 6.9 
6.6 6.6 6.6 
6.4 6. 5 
6.3 
6. I 
6. 4 b 
6. 2 ( 1 . 6) 
6.0 
6. 1 (2.9) 
7. 5 7.3 7.4 
7. 2  7.2 1.2 
7. 1  7. 1 (. 9) 
7.0 
7. I ( I .  8) 
1 . 9  I CE 
2. 1 2. 0 
2. 5 2.4 
2. 8 2. 8 
2. 9 3.0 (  1 . 6) 
3. 0 
5. 0 (3. 0) 
2. 2 I CE 
2. 5 2. 5 
2. 7 2. 7 
3. I 2. 8 
3. 2( I .  7) 
S a l i n  I ty 
(O/oo) 
1 
0 
0 
0 
0 
0 
0 
0(2. 9) 
0 
0 
0 
0 
0(  1 . 8) 
. 2  
.2  
.2  
.2  
.2  
. 2  
. 3 (3. 0) 
• I 
. I 
• I 
• I 
• I ( I .  7) 
- - ---- ·--· · - --
Sp . Cond.  
(.AJmhos I cm) 
1 2 3 
735 735 735 
735 735 735 
755 735 
755 755 
755 739 ( 1 .6) 
755 
739(2.9) 
7 1 1  585 585 
735 585 585 
720 5lt0 (.9) 
585 
525 ( 1 . 8) 
833 I CE 
833 833 
8 13  833 
8 13 8 1 3 
8 1 3 830( 1. 6) 
830 
1 1 78 (3. 0) 
357 I CE 
357 357 
365 365 
365 365 ( 1 .4) 
365 ( 1 . 7) 0 
Append ix  6 .  Continued. 
Date Dugout Depth D i ssolved 02 
(mg/I )  
S tat ion:  1 2 3 
12/2/80 s I CE 
0.5 1 5.7 c 
1.0 1 5. 4 1 5.5 
Kurtz 1.5 16.0 
2.0 1 5.6 
2.5 c 
3.0 
3.5 
s I CE 
o .s  1 5.0 1 5.2 
Oppe l t 1 .0 1 5.0 1 5.2 
1.  5 c 
2.0 
2 . 5  
12/ 14/80 s I CE 
0.5 1 6.9 1 7.0 
1.0 1 6.8 16.9 
Kurtz 1.5 1 6.9 16.8 
2.0 1 6.0 
2.5 1 5.7 
3.0 
3.5 
s I CE 
0.5 2 1 .3 21 .9 
Oppel t 1 .0 2 1.5 
1.5 
2.0 
2.5 
-- - ·  ---· - · ··- --- · - ·- - -- �-------- - · -- -�-- --
Temperature 
(OC) 
2 3 
I CE 
3.0 2.9 
3. 1 
3. 1 
3.2 b 3.5 ( 1 .5) 
3.4 
5.0 
6.0 (3.0) 
I CE 
1.2 2.0 
2.1 2.5 (.8) 
3.4 
3.4( 1 .6) 
I CE 
3.4 3.2 
3.6 3.3 
3.9 3.7 
4.7 3.9 ( 1 .6) 
5.9 
6.8(3.0) 
I CE 
3.2 3.3 
3.5 3.9(.9) 
4.9( 1 .6) 
Sa l i n i ty 
(O/oo} 
1 
I CE 
.2 
. 2  
.2  
.2 
.2 
.5 (3.0) 
I CE 
0 
0 
0 
0 ( 1 .6) 
I CE 
.2 
.2 
.2 
.2 
.3 
.5 (3.0) 
I CE 
0 
0 
0 ( 1 .6) 
Sp. Cond. 
(,.,mhos/ cm) 
1 2 3 
I CE 
813 8 13  
8 13  8 13  
830 8 10 ( 1 .5) 
830 
895 
1247 (3.0) 
I CE 
353 362 
362 354(. 8) 
383 
383( 1 .6) 
I CE 
863 847 
842 863 
842 842 
895 859( 1 .6) 
1 1 09 
1230(3.0) 
I CE 
398 408 
402 407 ( .9) 
436( 1.6) co -
Append i x  6 .  Cont inued. 
Date Dugout Depth D issolved 02 
{mfl/1) 
Stat i on:  1 2 
1/6/81 I CE 
0.5 17.2 18. 1 
1.0 17.6 18.0 
Kurtz 1 .5 17. 9 
2.0 17. 8 
2.5 17.1 
3.0 
3.5 
s I CE 
0 • .5 26.1  26. 9 
Oppelt 1.0 26.4 
1. 5 
2.0 
2.5 
1/18/81 s I CE 
0.5 17.7 17.9 
1.0 17. 6 16.9 
Kurtz 1.5 17.7 
2. 0 16. I 
2.5 14.4 
3.0 
3.5 
s I CE 
0. 5 25.3 25.4 
Oppelt 1 . 0  25.1 
1.5 
2.0  
2 .5 
3 
Temperature 
(OC) 
2 3 
I CE 
3. 8 3.7 
4. 0 
4.1 
3.9 b 4.0( 1. 5) 
4.7 
6. 6 
7. 0 (2.9) 
I CE 
3.3 2. 6 
3.5 3.8( • .7) 
4. o (  1. 5) 
I CE 
3. I 2.5 
3. 8 3. I 
4.4 3. 2( 1.4) 
4. 8 
6. 1 
6.2(2.8) 
I CE 
2.6 2. 0 
3.3 3.5(. 7) 
4.0(1.5) 
S.ali n l  ty Sp. Cond. 
(O/oo) (J.Jmhos I cm) 
1 2 3 
I CE I CE 
• I 907 940 
• I 923 972 
• I 940 988(1.5) 
• I 958 
.2 1 170 
.2(2.9) 1230 (2.9) 
I CE I CE 
0 428 430 
0 426 43 1 ( .  7) 
0 (  1.5) 434 ( 1.5) 
I CE I CE 
.2  996 1013 
.2 988 1013 
.2  1020 10 13 
. 2  1021 
.2 1217 
.2 (2. 8) 1247(2.8) 
I CE I CE 
0 466 476 
0 483 475(. 7) 
0 ( 1.5) 504 ( 1.5) 
Q) 
N 
Appendix 6. Continued . 
Date Dugout Depth D i ssolved 02 
(m9/ I )  
S tat i on:  I 2 
2/8/8 1 Sa I CE 
0.5 16.6 17. 1 
1.0 16.9 16.3 
Kurtz 1.5 17.1 
2. 0 16.3 
2.5 16.2 
3.0 
3.5 
s I CE 
0.5 22.6 23.4 
Oppelt 1.0 22.9 
1.5 
2.0 
2.5 
2/22/81 s I CE 
0.5 10.6 10.5 
1.0 12.5 10.3 
Kurtz 1.5 14.6 
2.0 16. 1 
2.5 15.2  
3.0 
3.5 
s I CE 
0.5 13.8 13.9 
Oppel t 1.0 14.1 14.2 
1.5 14.4 
2. 0 
2.5 
3 
Temperature 
(OC) 
2 3 
I CE 
1.9 1.8 
2.7 
3.7 
2.8 b 3. 1(1.4) 
4.2 
5.5 
5.9 (2.8) 
I CE 
2. 1 1. O 
3. I 3.1(.7) 
3.5 (1  .5) 
I CE 
3.7 2.3 
4.8 4. 3 
4.9 4.7 (1.4) 
s .o 
5.6 
5.7 (2.8) 
I CE 
1.2 • 7 
2. 1 1. 5 
3. 1 2.3 ( 1. J)  
3.3 (1.6) 
Salini ty 
(O/ool 
I 
I CE 
.2 
.2 
.2 
.2 
.2 
.3 (2.8) 
I CE 
0 
0 
0 ( 1. 5) 
I CE 
.2 
.2 
.3 
.3 
.3 
.3 (2.8) 
I CE 
0 
0 
0 
0(  I .6) 
1037 
1029 
1069 
1 102 
1217 
- - - ·  - -··---
Sp. Cond. 
(umhos/ cm) 
2 3 ·  
I CE 
1037 
1096 
1129 ( 1. 4) 
1232(2.8) 
I CE 
507 520 
525 525 (. 7) 
517( 1.5) 
I CE 
89 1 867 
1115 1102 
1 146 1130 ( 1.4) 
1 146 
1232 
1247(2.8) 
I CE 
353 365 
394 393 
4 13 413 ( 1.1) co 
442(1.6) w 
Append i x  6. Continued . 
Date Dugout Depth D i ssol ved 02 
(mg/l) 
Stat ion:  1 2 3 
a 
3/8/81 s I C E  
0.5 10.8 9.0 
1.0 1 2.9 1 1 .8 
Kurtz 1 . 5  1 5.2 
2. 0 1 4.8 
2.5 1 4.7 
3.0 
3.5 
s I CE 
o . s  20 .6  2 1 .5  
Oppel t 1 .0 20.7 
1 .  5 
2.0 
2.5 
3/22/8 1 s 1 2.5 1 2.6 1 2.6 
0.5 1 2.6 12.7 1 2.7 
1 .0 1 2.5 12.8 
Kurtz 1.5 1 2.8 
2.0 1 2 .7 
2 , 5  1 2.6 
3.0 
3.5 
s 1 1 . 7 1 1.9 d 
0.5 1 1 . 7 1 2.0 
Oppel t 1 .0 1 1 .9 
1. 5  
2 . 0  
2.5 
Temperature 
7.9 
8.2 
7.9 
7.4 
7.3 
{OC) 
2 · 3 
I C� 
7.2 · 
7 , 9  b 7 .8 ( 1.5) 
7.4(3.0) 
I CE 
4 .  8 4 . 8 
5.3 5.2 (.8) 
6.0( 1 .6) 
4.6 3.8 3 , 8 
4.2 3 , 8 4.0 
4.1 3.8 
3 , 9 3.9 ( 1.5) 
3.8 
3.9 
5.0 (3.0) 
5 .  1 4.8 d 
4 ,7 4.3 
4.5 4.5 (.7) 
4 , 3( 1 .5) 
Sa l i n i ty Sp. Cond. 
(O/oo) (.AJmhos/ cm) 
I 2 3 
I CE I CE 
.2 885 900 
.2 1 1 60 1 1 3 1  
.2 1 1 60 1 1 60 ( 1 .5) 
. 4  1 230 
.4 1275 
.4( 3.0) 1 305 (3.0) 
I CE I CE 
0 292 3 1 1 
0 388 389 ( .8) 
0 (  1 .6) 488( 1 .6) 
.3 942 956 940 
.3 956 956 956 
.2 956 956 
.2 956 956 ( 1 .5) 
. 2  956 
. 2  956 
.3(3.0) 1 083 (3.0) 
0 320 328 d 
0 322 335 
0 322 325 (. 7) 
0 ( 1 .5) 330 ( 1 .5) CX) 
.&:-
Appendix 6 .  Continued. 
Date Dugout Depth D i ssolved 02 
(m9/ I)  
S tat i on :  I 2 3 
4/5/8 1 s 
-a 
1 1 .3 1 1 .3  1 1 .3  
0.5 1 1 .4  1 1 .4 1 1 .4 
1 . 0  1 1 .3  1 1 .3 
Kurtz 1 . 5  1 1 . 4  1 1 .2 
2.0 1 1 .4 
2.5 1 1 .2 
3.0 1 1 . 2  
3.5 
s ll  . 2  1 1 .3 d 
o .s 11.2 1 1 . 1 
Oppelt 1 . 0  1 1 . 3 
I .  5 
2.0 
2.5 
4/26/81  s 1 1  .6 1 1 . 7  1 1 . 7 
o . s  1 1 .8 1 1 .9 1 1 . 9  
1 . 0  12. I 12.4 
Kurtz 1 . 5  1 3.5  1 3.2 
2. 0 1 2.7  
2.5 1 2. I 
3.0 1 1 . 5  
3.5 
s 1 0  . 1  1 0. 1  d 
0. 5 10.2 1 0. 5  
Oppel t 1 . 0  10. 7 
I .  5 
2.0 
2.5 
I 
5. 6 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
Temperature 
iOC) 
2 3 
5.5 5 .5 
5.2 5.6 
5.2 b 
5.2 ( 1 .6) 
5. 7 (3.2) 
6. 7 6.3 d 
6.2 6.2 
6.0 6.2 (  .8) 
6.0 ( 1 .5) 
1 4. 8  1 4. 3  1 4.3 
1 4.5  1 4. I 1 4. 1  
1 2. 8  1 2. 7  
1 1 .5  1 1 .4( 1 . 5) 
1 1 . 1  
1 0. 8  
10.3 
J O. 3(3 .2) 
1 5. 6  1 5.3 d 
1 4.o  14. I 
1 2.4  1 3.0(. 7) 
1 1 . 9 ( 1 .4) 
Sal i n i ty Sp. Cond. 
(O/oo) (J..1mhos/cm) 
I 1 2 3 
.2 878 893 909 
.2 9 1 1 926 924 
.2 926 926 
.2 926 942( 1 .6) 
.2 942 
.2  942 
.2 942 
.2(3.2) 924(3.2) 
0 35 1 363 d 
0 360 363 
0 360 368( .8) 
0 ( 1 .5) 365 ( 1 .5) 
.2  873 888 888 
.2 873 888 888 
.2  896 896 
.2  9 1 1 938( 1 .5) 
. 2  9 1 1  
. 2  9 1 1  
.2  925 
.2(3.2) 925(3.;2) 
0 370 380 d 
0 374 373 
0 379 374(. 7) 
0 ( 1 .4) 406( 1 .4) CX> 
V'l 
Appendix 6. Cont i nued. 
Date Dugout Depth D i ssolved 02 
(m9/l )  
S tat i on :  2 3 
5/ 10/81 S
a 
9.6 9.7 9.6 
0.5 9.6 9.8 9.7 
1.0 9.6 9.7 
Kurtz 1.5 9.7 
2.0 9.6 
2.5 9.5 
3.0 
3.5 
s 10.6 1 0.6 d 
o . s 10.5 1 0.6 
Oppel t 1.0 1 0.6 
I. 5 
2.0 
2.5 
5/25/8 1 s 8.3 8.2 8.2 
0.5 8.3 8.2 8.2 
1.0 8.1 8. 1 
Kurtz 1.5 8.2 
2.0 8.2 
2 . 5 8.0 
3.0 
3.5 
s 8.7 8.8 d 
0.5 8.5 8.6 
Oppel t 1 .0 8.5 
I .  S 
2 . 0  
2.5 
Temperature 
1 0.9 
1 0.9 
1 1 .0 
1 1 .0 
1 1 .0 
1 1 .0 
{oci 
2 3 
1 0.9 1 0.9 
1 0.9 1 1 .0 
1 1 .0 b 1 1.0 ( 1.5) 
1 1 .0 (3.0) 
1 1 .6 1 1 .6 d 
1 1 . 5 1 1.6 
1 1.5 1 1 .8 (.7) 
1 1 .7( 1 .4) 
1 4.7 14.7 1 4.8 
14.8 1 4.8 14.9 
14.9 14.9 
1 4.9 1 4.9 ( 1.4) 
1 4.9 
1 5.0 
15.0(2.9) 
1 2.7 1 2.7 d 
12.8 1 2.9 
1 2.9 12.9( .6) 
1 2.9( 1 .2) 
Sali n  I ty Sp. Cond. 
(O/oo) (.umhos I cm) 
1 1 2 3 
.2 898 898 898 
.2 898 898 898 
.2 898 898 
.2 898 898( 1 .5) 
.2 898 
.2 898 
.2 (3.0) 911  (3.0) 
0 388 39 1 d 
0 392 39 1 
0 396 399 (. 7) 
0 ( 1 • 4) 40 1 ( 1 .4) 
.2 898 898 898 
.2 898 898 923 
.2 898 898 
.2 898 923( 1 .4) 
.2 898 
.2 9 1 0  
.2 (2.9) 935(2.9) 
0 42 1 425 d 
0 426 426 
0 429 426( .6) 
0(  1 .2) 43 1 ( 1 .2) 
00 "' 
Appendix 6. Continued. 
Date Dugout Depth D issol ved 02 
(m9/l ) 
Stat i on: 2 3 
a 
6/8/81 s 7.9 8.o 8. o 
0.5 8. o 8. 1 8. 1 
1.0 8. 0 8. 1 
Kurtz 1.5 7. 9 
2.0 5.8  
2.5 4. 1 
3. 0  
3.5 
s 5.5 5.6 d 
0.5 4. 1 4. 1 
Oppelt 1. 0 2.9 
1.5 
2.0 
2.5 
6/22/81 s 8.6 8. 7 8. 7 
0.5 8.7 8.7 8. 7 
1. 0 8.5 8.5 
Kurtz 1.5 8. 8 
2. 0 8.5 
2.5 8. 3 
3.0 
3.5  
s 9.9 9.9 d 
0.5 9. 9 9.9 
Oppel t 1.0 9. 8 
1 . 5  
2. 0 
2.5 
Temperature 
20.4 
20.4 
20. 4 
19. 3 
17 .9 
16. 2 
(OC) 
2 3 
20. 3 20.4 
20. 3 20. 4 
20. 3 b 20.0 (  1.4) 
15.5 (2.9) 
20. 0 20. 0  d 
19. 3 19.4 
18. 9 19. 0(. 6) 
17.4(1.2) 
18. 0 18.0 18. 0 
18. 0 18.0 18. 0 
18. 0 18. 0 
18. 0 18. 0 ( l .4) 
18. 0 
17. 2 
17. 1 (2.9) 
17. 8 17.8  d 
17. 4 11. 8  
17. 2 17.4(. 6) 
17. 2(1. 1) 
Sa l l  n l ty 
(O/oo) 
1 
. 2  
. 2  
.2  
. 2  
.2 
. 2  
.2(2.9) 
0 
0 
0 
0(  1.2) 
.2 
. 2  
.2 
.2 
. 2  
.2  
. 2(2.9) 
0 
0 
0 
0(1. 1) 
Sp. Cond. 
(umhos/cm) 
1 2 3 
957 957 957 
957 957 957 
957 957 
952 957( 1. 4) 
955 
960 
960 (2.9) 
413 411 d 
414 416 
427 440 ( .6) 
46 1 ( 1.2) 
920 920 920 
920 920 920 
920 920 
932 920( 1.4) 
932 
956 
956(2.9) 
348 354 d 
358 354 
368 368( .6) 
389 ( 1. 1) co ....... 
Appendix 6 .  Continued. 
Date Dugout Depth 
Stat ion: 
7/6/81 S
a 
0.5 
1.0 
Kurtz 1.5 
2.0 
2.5 
3.0 
3.5 
s 
0.5 
Oppe l t  1.0 
1. 5 
2.0  
2.5 
a Surface. 
b Depth In parentheses. 
c Broken oxygen bottles. 
D issol ved 02 
(m�/1) 
1 2 3 
9.2 9.5 9.6 
9.3 9.6 9.6 
9.3 9.6 
1. 8  
5.0 
2.7 
1 1 .  4 1 1  . 5  d 
6.6 6.2 
d S tation 3 interferes wl th S tation 2. 
Temperature 
1 
24.8 
24.6 
24.5 
22. 1 
20.0 
18.2 
(OC) 
2 3 
24.5 24.6 
24.3 24.6 
24.2 b 
23.1( 1.3) 
18.0(2.7) 
26.4 26.0 d 
24.0 23.6 ( .5) 
23.1 (.92) 
Salin i ty 
(o/oo) 
1 
.2 
.2 
.2 
.2 
.2 
.2 
.2 (2.7) 
0 
0 
0( .92) 
1 
930 
940 
930 
984 
979 
1001 
- -- ·- -- ··- - - --
Sp. Cond. 
(.umhos I cm) 
2 3 
930 930 
949 940 · 
949 
957( 1.3) 
966(2.7) 
348 348 
356 362 ( . 5 )  
410 (.92) 
d 
00 
00 
